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OPERATION OF THE DISC DRIVE WITH THE 
AIR FILTER REMOVED MAY CAUSE DAMAGE 
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THE BLOWER DRIVE BELT. 
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Page 5-30, Para. 5.4.3.1, before step A. 
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Frontispiece - WANGCO Series F and Series T Magnetic Disc Drives 


SECTION 1 
GENERAL DESCRIPTION 
1.1. INTRODUCTION 


The WANGCO 100/200 TP! Series F and Series T Magnetic Disc Drives are random-access, high- 
capacity data storage devices whose compact size, optimum performance, and reliability make 
them exceptionally suitable for use in computer systems of small.and medium size. Several models 
are available, in each series, with a choice in storage capacities and transfer rates. 


In standard versions the units incorporate, in either series, an integral permanent disc and a 
removable disc of the cartridge type offering a gross storage capacity of up to 100 Megabits. 
Maximum recording density is 2200 bits per inch (BP!). 


The Series F Disc Drive uses a front-loading cartridge of the IBM 2315-type; the Series T Disc 
Drive uses a top-loading cartridge of the IBM 5440-type. 


The WANGCO Disc Drives incorporate an interface compatible with, or adaptable to, controllers 
for most major disc file systems. Integral daisy chain provisions permit the interconnection of up 
to four Disc Drive units. 


The drive units in either series feature modern functional exterior styling and are rack-mounted in 
cabinets of standard RETMA dimensions. The Series F unit requires only 7 inches of vertical rack 
space; the Series T unit requires only 7 3/4 inches. 


1.1.1 SPECIAL FEATURES 
The Series F and Series T Disc Drives incorporate advanced electronic and mechanical design features 
that contribute to their exceptional performance and reliable operation. Routine service require- 


ments are minimal, and corrective maintenance, should it beconie necessary, is facilitated through 
the efficient layout and accessibility of all components. Some of the notable design features include: 
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A. The disc spindle and the drive motor are combined in an integral assembly thus 
eliminating a drive belt and pulleys. 

B. ' The spindle motor is a DC brushless unit, and its speed is held constant within 
+1%, regardless of line voltage and frequency fluctuations. Therefore, the 
storage of data in any given sector of the discs can be maximized. 

C. Either of two spindle speeds are available: 1500 or 2400 rpm. 

D. The head positioning system uses a highly efficient electromagnetic actuator 
which although it permits fast access times, has a low power dissipation and. 
very low flux leakage. Final head positioning is implemented through an 
electronic — not mechanical — detenting system. 

E. Write Inhibit circuitry, selectable at the Operator’s Control Panel (OCP), will 
protect previously recorded data on either disc. 

F. The clean-air system, which continuously purges the interior of the drive unit 
and pressurizes it, is highly efficient. Intake air is passed through a dual filter 
element, purges the discs and heads, and cools the electronic assemblies before 
it exits the unit. 

G. Internal flexible 1/O signal and AC power cables interconnect the receptacles 
mounted on the rear panel of the drive unit with the corresponding electronic 
assemblies in the unit itself. This feature permits permanent mounting of the 
rear panel in the cabinet and makes it possible to slide the unit out without 
disconnecting or manipulating the external cables. 

H. A built-in universal power supply allows operation on any of the world’s standard 


AC power voltages and frequencies. 


1.1.2 ORGANIZATION AND SCOPE OF THE MANUAL 


This Operation and Maintenance manual is divided into seven sections: 


A. Section 1 — General Description. This describes the physical features, use, and 
operating characteristics of the Front Loading and Top Loading version of the 
Disc Drive. 

B. Section 2 — Installation. This section contains unpacking and inspection in- 
structions, mounting procedures, power connections, cabling information, and 


interfacing data. 
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C. Section 3 — Operation. The front panel controls and indicators and their 
functions are described in this section. 

D. Section 4 — Theory of Operation. The theory section is subdivided into a 
basic discussion of the principles of operation, the mechanical and physical 
operation of the Disc Drive, and operation and functions performed by each 
circuit board with the interconnections to other related circuits and assemblies. 

E. Section 5 — Maintenance. This section is broken down into operator main- 
tenance, cleaning and minor adjustments, assembly and disassembly procedures, 
critical adjustments and checkout descriptions, and a fault isolation guide for 
troubleshooting. 

F. Section 6 — Logic. This section contains descriptions of the logic used, block 
diagrams and interconnection diagrams as required, and flow charts showing 
system operation in various modes. It also includes a description of each type of 
logical component. 


1.2 SPECIFICATIONS 
Specifications for the WANGCO 100/200 Disc Drive are listed in Table 1-1. 
1.3 ARRANGEMENT AND FUNCTION OF MAJOR ASSEMBLIES 


The Series F and Series T Disc Drives are constructed identically except for mechanical differences 
in the cartridge loading and seating mechanisms and door and cabinet locks. Assemblies and 
characteristics common to both series are shown and described in the following paragraphs. Three- 


quarters front views showing component locations are included in Section 5. 
1.3.1 OPERATOR CONTROLS AND STATUS INDICATORS 


Controls and associated status indicators are located on a panel below the plastic door. These 
include the switches with which the operator starts and stops the Disc Drive, selects the unit 
address (in multiple-drive installations), and places the unit in On-Line operation. The function 
and operation of each switch and indicator are described in Section 3. 


TABLE 1-1. Specifications — Series F and Series T Disc Drive 


Parameter 


Gross Capacity 
Transfer Rate 
Track Density 
Recording Density 
Maximum Speed Variation 
Access Times 
Track-to-track 
Average 
Maximum 
Recording Mode 
Disc Speed 
Cartridge Unload/Load Cycle 
Load Cycle 
Cartridge — Series F 
Cartridge — Series T 
Built-in Power Supply 


Requirements 


Physical Dimensions 
Height -- Series F 
Height — Series T 
Width — Series F and Series T 
Weight 

Environment, Operational 
Temperature 
Relative Humidity 


Environment, Shipping and 
Storage 


Temperature 


Relative Humidity 


100 TPI 200 TPI | 


25 or 50 Megabits 

1,562,500 Kbits/sec 
100 TPI 
2200 BPI 
+1% 


50 or 100 Megabits 
1,562,500 Kbits/sec 
200 TPI 
2200 BPI 
+1% 


10 msec 10 msec 


50 msec 50 msec 


90 msec 90 msec 


double frequency encoded 
1500 or 2400 rpm 


double frequency encoded 
1500 or 2400 rpm 


90 seconds 
IBM 2315-type 
IBM 5440-type 


90 seconds 
IBM 2315-type 
IBM 5440-type 


100,110,120, 130,200, 
220,230,240,250,260 
VAC +10%, 47-63Hz, 
250 VA 


100, 110,120,130,200,220, 
230,240,250,260 VAC 
+10%, 47-63Hz, 250 VA 


7.00 in. (17.78cM) 
7.75 in. (18.68 cM) 

17.60 in. (55.88 cM) 
100 Ib. (45.36 kg) 


7.00 in. (17.78 cm). 
7.75 in. (18.68 cm) 
17.60 in. (55.88 cm) - 
100 Ib. (45.36 kg) 


50-100°F (10-38°C) 
10—80%, noncondensing 


50-100°F (10-38°C) 
10—80%, noncondensing 


—40° to 150°F (—40° to 
65°C) 
5% to 95% 


—40° to 150°F(—40° to 
65°C) 


5% to 95% 


1.3.2 DOOR ASSEMBLY 


In the Series F Disc Drive, the door rotates forward approximately 60 degrees, and the cartridge 
is inserted through the resultant opening. When the door is opened, the carriage receiver is simul- 
taneously elevated and advanced. 


In the Series T Disc Drive, the door rotates forward approximately 30 degrees. As the door is 
pulled open, a locking mechanism disengages the stationary mounting slides. The unit can then 
be slid out of the rack and the cartridge can be loaded on the spindle as described in Section 2. 


1.3.3 CARTRIDGE RECEIVER ASSEMBLY 


This assembly is used only in the Series F Disc Drive. The receiver is mechanically coupled to the 
door-loading assembly. It holds the cartridge and automatically positions it over the spindle. The 


cartridge then is locked on the spindle chuck as the door is closed. 
1.3.4 SPINDLE ASSEMBLY 


The spindle assembly provides the mechanical coupling between the recording discs and the drive 
motor. The fixed disc is mounted directly on the spindle hub. The cartridge disc engages the 
spindle only when the cartridge is fully seated in the Disc Drive. Coupling is accomplished by 
means of a spindle-mounted/magnetic chuck (i.e., a ring magnet and a circular pole piece) and 


an armature plate fastened to the cartridge disc. 


A conical point on the center of the spindle engages an identically machined opening in the center 
of the cartridge disc thereby aligning the disc accurately on the spindle hub. The fixed disc sector 
ring also is mounted on the spindle hub. The spindle motor is coupled directly to the spindle 
assembly without using a belt; therefore, it becomes an integral part of the spindle assembly. The 


spindle is dynamically braked when a stop cycle is initiated (ref. Section 3). 
1,3,5 HEAD POSITIONER ASSEMBLY 


The positioner mechanism positions the Read/Write heads over the selected cylinder (track) on 


the fixed or removable disc. 


1-5 


The positioner assembly contains the following components: an electromagnetic linear actuator, 
carriage, carriage guides, head loading/unloading cams, velocity transducer, and a position transducer. 


All components of the positioner form an integral assembly that can be removed from the Disc 


Drive as one unit. 
1.3.6 ELECTRONIC ASSEMBLIES 


The Disc Drive unit contains seven plug-in circuit boards and a central interconnect board on which 
the connectors for the plug-in boards are mounted. The frame adjacent to the positioner assembly 


contains the following circuit boards (refer to Section 5 for physical locations). 


Data Interface Board (J-1) 
Control Interface Board (J-2) 
Disc Control Board (J-3) 
Servo Logic Board (J-4) 
Servo Amplifier Board (J-5) 


Oe ae 


A differentiator circuit board is used on the Series F Disc Drive only. This is a small triangular 
board mounted horizontally behind the card-cage. The connector numbering is from left to right 
as viewed from the front of the unit (i.e., connector J-1 is located nearest to the edge of the casting). 


Two circuit boards are located on the opposite side of the drive unit: Power Regulator Board (J-6) 
and Data Electronics Board (J-7). 


The power supply assembly furnishes the operating voltages (+18V. DC unregulated; +5V. DC 
regulated) for all electronic assemblies, the positioner and the spindle and brush motors. DC fuses 
are provided on the assembly. The power supply can be removed as one integral unit. 


1.3.7 REAR PANEL ASSEMBLY 


The following components are mounted on the rear panel: (1) 1/O connector board which contains 
signal input/output connectors and line drivers and receivers; (2) the AC power receptacle (with 
buile-in line filter); and (3) the AC line fuse. 
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In cabinet installations, the rear panel is stationary; that is, it does not slide out with the unit 
but remains in the cabinet. The electrical connections between the panel and the unit are 
established by means of flexible cables. 


1.4 FORCED-AIR CLEANING SYSTEM 


The Series F and Series T Disc Drives contain a forced-air system that purges the disc and head areas 
with highly filtered air. This air is drawn from outside the cabinet and cools the electronic 
assemblies. During operation, the interior of the drive unit is at slightly elevated pressure, with 
respect to the ambient, which serves to keep dust from entering the unit. 


The components of the forced-air system are accessible from below the base casting. The dual air 
filter element is contained in the rectangular cavity next to the spindle assembly. The blower fan 
is located on the opposite side of the spindle. Both components are covered by individual sheet 


metal plates (see Section 5 for the physical location of these components). | 


Intake air enters the drive unit at the front panel from above. With this arrangement, only fresh 
ambient air is circulated through the unit. The incoming air is accelerated by the blower, passes 
through the plenum chamber then through the filter element and over the disc surfaces. It exits 


via the head entry door of the cartridge and through the lower head area. 
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SECTION 2 
INSTALLATION AND CHECKOUT 
2.1 INTRODUCTION 


This section contains unpacking and installation instructions and a description of the interface 
for the WANGCO Series F and Series T Disc Drives. 


2.2 UNPACKING AND INSPECTION 


WANGCO Disc Drives are shipped in special containers designed to provide full protection under 
normal transit conditions. Immediately upon receipt, the shipping container should be inspected 
for evidence of possible damage incurred in transit. Any obvious damage to the container, and 
indications of actual or probable equipment damage, should be reported to the carrier company 


in accordance with instructions on the form included in the container. 


Figure 2-1 shows an exploded view of the palletized packaging container and its parts. Table 2-1 
lists the parts with full descriptions in accord with item numbers used in the figure. 


To unpack the unit, open the top side of the shipping container and remove the two side liners 
as illustrated. (ref. figure 2-1). Grip the unit along both sides of the casting while lifting it out 


CAUTION 


DO NOT SUPPORT THE UNIT VIA THE 
HANDLE ON THE FRONT PANEL. RE- 
MOVE THE PROTECTIVE PLASTIC BAG. 
THE FINISHED SURFACES AND THE 
PLASTIC PART OF THE FRONT PANEL 
SHOULD BE HANDLED WITH REASON- 
ABLE CARE TO AVOID MARRING. 


of the container. 


Shipping containers and internal packing material may be retained for possible future repacking of 
units. A special plastic shroud cover (T-00180-007) can be ordered from the factory to keep top- 


load units clean when cartridges are not installed. 
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Figure 2-1. Unpacking Instructions 
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TABLE 2-1. Packaging Container Parts (ref. figure 2-1) 


T-00287-001 Outer Stitched Box 
T-00287-002 Flotation Frame 
T-00287-003 Inner Box 
T-00287-004 Mounting Base 
Bolt, Hex %-20 UNC x 1-1/2 
Washer %IDx3/40D 
Bolt, Hex 3/8-16 UNC x 1-1/2 
Washer 3/8 ID x 3/4 OD 
5003 Polystyrene Bag 
T-00287-005 Sleeve — 


T-00128 Shipping Damage Notice Form 
- T-00180-007 | - Dust Cover, Shroud (Series '’T”’ 
only) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


When returning Drive Units, each unit must be 
sealed in a plastic bag before packing in its 
original shipping carton. 


2.2.1 INSPECTION 


Inspect the Disc Drive for any damage which may have occurred in transit and for completeness 
of the shipment. Immediately notify the WANGCO representative and involved carrier regarding 


damage sustained or discrepancies observed. 
2.2.2 CARRIAGE SHIPPING RESTRAINT REMOVAL 


For protection during shipping, the carriage of the positioner assembly is held back against the 
rear stop by a shipping restraint shown in Figure 2-2. This restraint immobilizes the carriage, 
heads, and associated parts. Either plug P16 on the Power Supply or P15 on the Servo Amplifier 
Board must also be connected. One of these plugs is disconnected to preclude possibility of power 


being inadvertently applied to the Disc Drive while the shipping restraint is installed. 


The shipping restraint must be removed before the Disc Drive can be operated (also refer to para- 
graph 5.4.2.4). To remove the shipping restraint, remove the restraint retaining screw located at 
the rear of the positioner. This screw is shown in the INSTALLED POSITION portion of Figure 
2-2a. Reinstall the shipping restraint as shown in the STOWED POSITION portion of Figure 2-2b. 


cou 


The restraint retaining screw holds the carriage 


rear stop and must be reinstalled. | 
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WAN-0380A-001 


4 


POSITIONED ON \ “ RESTRAINT 
RETRACT SWITCH “%| RETAINING SCREW 


ACTUATOR 
SHIPPING RESTRAINT 


INSTALLED POSITION 


RETRACT SWITCH 
ACTUATOR 


‘4 oa 
RESTRAINT 


STOWED POSITION 


Figure 2-2. Carriage Shipping Restraint 


2.3 INSTALLATION 
2.3.1 INPUT POWER REQUIREMENTS 


The standard WANGCO Disc Drive contains an integral power supply which can accept one of 
the AC input voltages listed in Table 1-1. The power supply frequency may range from 47Hz to 
63Hz. The appropriate input connections are established via a voltage selection plug located next 
to the power transformer. 


CAUTION 


PRIOR TO CONNECTING THE AC LINE 
CORD TO THE POWER SOURCE, VERIFY 
THAT THE VOLTAGE PLUG IS COM- 
PATIBLE WITH THE LINE VOLTAGE AT 
THE INSTALLATION SITE. EXAMINE THE 
POWER SPECIFICATION DECAL ON THE 
REAR PANEL OF THE UNIT. 


2.3.2 INTERFACE REQUIREMENTS 

The physical configuration and electrical requirements for the 100/200 TPI Series F and T Disc 
Drive dre described in the following paragraphs. See Table 2-2. for interface signal pin assignments. 
See Tables 2-3 and 2-4 for explanation of acronyms and mnemonics used throughout this manual. 
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Input ‘Line 


Cyl Add 29 
Cyl Add 2! 
Cyl Add 22 
Cyl Add 22 
Cyl Add 24 
Cyl Add 2° 
Cyl Add 26 
Cyl Add 27 
Cyl Add 28 
Cyl Add Strobe 
Restore 

Disc Select 
Head Select 
Write Gate 
Erase Gate 
Write Data 
Read Gate 
Unit Select 0 
Unit Select 1 
Unit Select 2 
Unit Select 3 


Termination Voltage 


Track Offset Fwd. 
Track Offset Rev. 


TABLE 2-2. Interface Pin Assignments 


Pin 


[ovate de 
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Ready 
Seek Complete 


Address Acknowledge 


Seek Incomplete 
Illegal Address 
Attention Unit 0 
Attention Unit 1 
Attention Unit 2 
Attention Unit 3 
Read Data 

Data Clock 

Index 

Sector 

Sector Address 29 
Sector Address 2! 
Sector Address 22 
Sector Address 23 
Sector Address 2% 
Pseudo Sector 
Write Check 


Termination Voltage 


Write Protected 
Ground 
Ground 
Ground 
Ground 


TABLE 2-3. Printed Wiring Board Acronyms 


Acronym 


. Description Location 


CIB Control Interface Printed Wiring Board —~<J2 
DCB Disc Control Printed Wiring Board J3 
DEB Data Electronics Printed Wiring Board J7 
DIB Data Interface Printed Wiring Board 


J1 


* 


EIB Electronics Interconnect Printed Wiring Board | 


10B Input/Output Connector Printed Wiring Board sa 
RRB ~ Power Regulator Printed Wiring Board J6 
SLB Servo Logic Printed Wiring Board J4 
SVA Servo Amplifier Printed Wiring Board J5. 


* 


' This is a Mother board upon which J1 through J7 are located. 
** This board is directly mounted to the rear panel. 


} 


2.3.2.1 Cabling. Interface between Disc Drive and Controller is accomplished with one 

cable. The connector at the Disc Drive is Amphenol No. 57-10500-27. (WANGCO PN 101036-001). 
The corresponding mating connector for the cable is Amphenol No. 57-20500-31 (WANGCO PN ~ 
101037-001) and is supplied with’ the Drive. | | 


1/O signal cables are 28 AWG twisted pairs. Total (system) cable length should not exceed 50 feet. 


2.3.2.2. Interconnection (Daisy Chaining) of Disc Drives. Daisy Chaining of up to four drives 
is permitted by an integral system of two connectors mounted on the I/O board as shown in ~ 

Figure 2-3. The last drive in the chain must be terminated with a detachable Line Terminator 
Assembly (ref. figure 2-3, WANGCO PN 300095-001). A daisy chain interconnecting cable. 
(WANGCO PN 3001 18-XXX, XXX = length in inches) suede to interconnect the drives. See 
Figure 2-4. The AC power cable is WANGCO PN 101153. | 


2.3.3 ELECTRICAL CHARACTERISTICS 
2:3.3;1 Line Receivers. All line receivers within the Drive shall be of the high noise 


immunity-type SP380. All incoming lines are terminated with 110 ohms to 3.5 V. 


Z2.3.0:2 Line Drivers. The line driver circuit used in the Drive is of the open collector-type. 
In a daisy chain configuration, all output lines are terminated within the system at the last drive’ 
on the chain to minimize line reflections due to unterminated stubs. The driver is capable of 
sinking 50 mA in addition to that used within the Disc Drive. 


2-7 


Mnemonic. 


ADD1 -- 256 

ADD ACK 

AC LOSS 

AGC 

ATTEN 

BOT | 

BRUSH MOT 

CAR1 -- 256 
COARSE SERVO EN 
D DAC 

DC LOSS 

DET EVEN 

DET ODD 

DET MODE 

DISC SEL 

DLY SK 

ERASE 

FIDX 

-FSTR 

FWD 

HD SEL 

IDX 

ILL ADD 

LD-HD._ 

NAR1 — 256 - 

" RDY 

RIDX 

RSTR 

RTZ 

SAC1 -- 32 

SK COMP, SKC, SEK COM 
SKINC 
SK : 
SP DETEC, SP DET - 
SPM ON — 
STR 

TC DAC 


TCV 
TRK OFFSET 

UNLD 

WRT 

WRT CHK, WRT CHK X 
WRT PROT . 


TABLE 2-4. Glossary of Mnemonic Terms 


Signal Name 


Track (Cylinder) Address — Binary Value 


Address Acknowledge 
Alternating Current Loss 
Automatic Gain Control 


' Attention 


Beginning of Travel 

Brush Motor 

Cylinder Address Register Binary Value 
Coarse Servo Enable 
Digital-to-Analog Converter Output 
Direct Current Loss 

Detent Even Pulse. 

Detent Odd Pulse © 

Detent Mode 

Disc Select 

Delay Seek ~ 

Erase (enabling term) 

Fixed Index Pulse — 

Fixed Sector Pulse | 

Forward (enablirig term) 

Head Select 

Index Pulse — 

Illegal Address 

Load Head ; 
New Address Register Binary Value 
Ready 

Removable Index Pulse 


_ Removable Sector Pulse © 


Return to Zero 

Sector Address Count Binary Value 
Seek Complete | 
Seek Incomplete 

Seek | 

Speed Detect 

Spindle Motor On 

Sector 


Temperature Compensation Digital-to-Analog 


Voltage Conversion 
Temperature Compensation Voltage 
Track Offset (forward or reverse) 
Unload 7 
Write (enable term) 


|} Write Check 
’ Write Protect - 
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Controller 
CIB 
PRB 
Optical Trans 
CIB: 


Optical Trans 


PRB 
SLB 
SLB 
SLB 
DCB 
SVA 
SVA 
SVA 


DIB 


SLB 
DIB 
DCB 
DCB 
SLB 
DIB 
CIB 
SLB 
DCB 
SLB . 
CIB 
DCB 
DCB 


~ DCB 


CIB 


‘CIB 


CIB 


CIB 


DCB 
DCB 


| CIB 


SLB 


~SVA 


Controller - 
SLB 
DEB 
DEB 
DEB 


WAN-O006A-002 


1/0 BOARD J-21 


FLEXIBLE FLAT 
1/0 CABLE 
(INTERNAL) 


A.C. POWER-IN 


DAISY CHAIN 
CONNECTOR 
(J-23) 


TERMINATOR 
BOARD 


A.C. FUSE 


Figure 2-3. Rear Panel and I/O Connector Board 
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WAN-0052-001 


WANGCO DISC DRIVE ‘TERMINATOR BOARD 


/ 


CENTRAL 
CONTROLLER 


Figure 2-4, Multiple Disc Drive Installation (Daisy Chaining) 


2.3.3.3 Terminating Voltage:..Provision shall be made, by means of jumpers, to terminate 
_all lines to an externally supplied voltage. 

2.3.3.4 Logic Levels. Logic ‘’0’’ is defined as a level between 2.5 and 5.0 V. Logic 1” is 

defined as a level between O and 0.5 V. . 


23.4 INPUT LINES 


- 


All input lines are defined as being true. '’T’’ = TRUE = OV. 


2.3.4.1 Cylinder Address. Eight lines which accept an absolute address from the Controller. 
These are strobed into an Address Register ‘by the Cylinder Address Strobe line. 


2.3.4.2 Cylinder Address Strobe. One line which strobes the Cylinder Address lines into the 
internal Address Register. | 

2.3.4.3 Restore. One line which causes the drive to reposition the heads over Cylinder ’’0’’. 

2.3.4.4 ~ Disc Select. One line which selects the disc upon which the Controller will operate. 


When true, the Fixed Disc is Selected. 


2.3.4.5 Head Select. One line which selects the disc surface to be operated upon. True level 
selects the Upper Surface. | 


2.3.4.6 Write Gate. One line which turns on the Write Amplifier and allows current to flow 
in the selected head. 


° 


2.3.4.7 Erase Gate. One line which turns on the Erase Amplifier. No internal delay is provided 


#0 compensate for the distance between Erase and Read/Write gaps. 


2.3.4.8 Write Data. One line which carries the double frequency encoded data from Controlle 
to Drive. Each pulse on this line will cause a flux reversal to occur. If the NRZ option is chosen, : 
this line will carry the data in level format and the double frequency encoding will be done within. 
the Drive. . 


2.3.4.9 Read Gate. One line which enables the Read Data and Read Clock lines. 


2.3.4.10 Unit Select. Four lines used in conjunction with the Unit Select Switch which allow | 


any drive to be given any of four logical addresses. 


2.3.5 . OUTPUT LINES 


All outputs are defined as being true; "1’" = TRUE =O V. 


2.3.5.1 Ready. A signal on this line indicates the Drive is ready to accept external commands. 
2.3.5.2 Seek Complete. When true, this line indicates the Drive has completed a Seek Operation. 
2.3.5.3 Address Acknowledge. This line when true, notifies the Controlier that a Seek - 


Operation has commenced. 


2.3.5.4 Seek Incomplete. One line which indicates a Seek Operation has not been completed 


in a predetermined time. 
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2.3.9.5 I!legal Address. A line which indicates that an address greater than 203 has been 
issued by the Controller. The drive will not obey such a command, and the heads will remain 


positioned over the previously addressed location. 


2.3.5.6 Attention. Four lines not gated-with Unit Select which alert the Controller that the 
corresponding drive has completed a Seek Operation. aa 


2.3.5.7 Read Data. One line which transmits the Read Data to the Controller. The data 
format is optional and selected by jumpers within the Drive. See timing diagrams for format options. 


2. 3. 5.8 3 Data Clock. This line transmits the Read Clock which has been separated from the | 
data. If the NRZ option is selected, me line also transmits the erie Clock from the Drive when 
the Write Gate is true. ‘ : 


_—- 


~ 


2.3.5.9 Index Pulse. This line supplies one pulse for each disc revolution. The pulse is derived - 
from the physical notch on the Cartridge Hub or a similar notch on the Fixed Disc Hub. This 

line is gated with Disc Select. Optionally, when the internal Sector Counter is not specified, the - 
user may specify two index lines. In this case, both index lines are supplied and not gated by - 


Disc Select. 


2.35.10. Sector Pulse. This line supplies one pulse for each notch on the Cartridge Hub or the 
corresponding notch on the Fixed Disc Hub. This line is gated with Disc Select. a 
2.3.5.11 Sector Address. Five lines which define, in binary form, the particular sector under 
the Read/Write Head. The Sector Address Counter is reset to zero by the first Sector Mark 
following the Index Mark. | 


2.3.5.12 Pseudo Sector Mark. One line which provides 2000 +20 pulses per revolution to the 
Controller. This line is synchronized with the Index Pulse, and may be used to subdivide the disc 
into any number of sectors. 


a“ 


2.3.5.13 Write Protect Status. One line which indicates to the Controller the status of the _ 


_ 


Write Inhibit Switch pertaining to the selected disc. — 


2.3.5.14 Write Check. One line which indicates that a Write Operation may not take place due 
to one of the following conditions: 


A. Voltages below specified levels. 
B. More than one head selected. 


C. Disc speed out of tolerance. 


23.6 3 RACK-MOUNTED INSTALLATION 
: | 


a 


The Disc Drives are equipped and shipped with standard cabinet slides; therefore, InistellaHion) ina 
standard rack involves only mounting me stationary slide members: 


The I/O Connector Board, the AC power cord receptacle, and the AC fuse holder are mounted on | 
the rear panel. The panel is bolted to the stationary members of the slides as shown in Figure 2-5. 
Therefore, this panel will remain at the rear of the rack or cabinet when the Disc Drive is pulled 
out on its slides. A flexible flat cable assembly, internal to the Disc Drive, provides the I/O line 
connections between the I/O Connector board and the Disc Drive. Similarly, a spiral-wound AC 
cord provides the power connection. These features facilitate unrestricted access to the unit 


without disrupting any internal connections. 


The mounting dimensions for the Series F and Series.T Disc Drives are shown in Figure 2-5. The | 
unit should be installed i in a standard rack or cabinet in accordance with the information shown 
in oe figure. 

When only one man is available to mount the Disc Drive in the rack, it will be necessary to install 
the slide members (ref. figure 2-5) on the rack first. Then, the Disc Drive can be lifted into 


- position and slid into place on the slides inside the rack. 
2.3.7 INITIAL CHECKOUT 


2.3.7.1 Preliminary Procedure. After the Disc Drive has been installed and connected to the 
external Controller, all 1/O cables should be rechecked to ensure correct connections. Make — 
certain all connectors are mated securely and that the correct voltage is being supplied to the 
Disc Drive before applying power. This information is shown on the power supply label and 


should be:verified before the unit is installed i in the rack, 


VL-o 


WAN-0034A 


22.00 IN. 
(55.88CM) 
REF. 


—— 


F 7.00 IN. (17.78 CM) 
T 7.75 IN. (19.69 CM) 


22.00 IN. 
(55.88 CM) 


(60.96 CM) (SEE NOTE 1) 


19.06 IN. 
(48.41 CM) 


TYPICAL MOUNTING IN EIA/RETMA CABINET 


TOP PROPERTY 


LINE 
__ om - 0.500 IN. 
(1.27 CM) 

(4 PLACES) 


F 7.00 IN. (17.78 CM) 
T 7.75 IN. (19.69 CM) 


ml <—] 


22.00 IN. 
<———— (55.88 CM) ———_—> 3 18.31 IN. 
(CLOSED) Aiea BOTTOM O.875IN. | (46.51CM)— > | __—‘(1.588 CM) 
00 IN. PROPERTY (1.223 CM) (4 PLACES) 
(116.84 CM) LINE (4 PLACES) 


(OPEN) 


NOTES: 
(1) 1F 30.00 IN. (76.20 CM) DEEP CABINET IS USED, POSITION REAR RETMA BOLT 
RAILS 22.00 IN. TO 23.00 IN. (55.88 CM TO 58.42 CM) BEHIND FRONT RAILS. 


(2) SLIDE MOUNTING BRACKETS ARE NORMALLY MOUNTED ON EXTERIOR SIDE 
OF CABINET. 


Figure 2-5. Rack-Mounted Installation Instructions 


The top cover of the Disc Drive must be removed to gain access to subassemblies to be checked 
during initial checkout procedures. Removal of Top Cover procedures are outlined in Section 5. 


2.3.7.2 Visual Inspection. Make the following checks before applying power to the drive: 


A. See that all plugs and connectors are properly seated. 
B. Check for proper fuses. 
C. Check card cage to ensure printed wiring boards are properly seated: 


2.3.7.3 Preliminary Power On Procedure. With the top cover removed and using a Customer 
Engineer (C.E.) test hub, the top cover interlock switch will be activated. Power cannot be 
applied to the spindle drive motor. In the SF unit, this is a button-type switch protruding from 
the base. Place a piece of masking tape over the switch. In the ST unit, install a matchbook cover 


or similar device between pack sensor and switch actuator. See Figure 2-6. 
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SENSOR MECHANISM 


Figure 2-6. By-Passing Top Cover Interlock Switch 
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2.3.7.4 Power-Up Sequence Check. Perform the following steps to verify proper Power-up 


sequencing: 
A. Place POWER switch ON. 
B. Verify that the door unlocks and that POWER and LOAD indicators light. 
C. Place the RUN/LOAD switch to RUN. | m 
D. Verify that the LOAD indicator extinguishes, door tocks, and the spindle 
2 begins to spin cew. | . 


E. Verify that brushes sweep the disc once, then park underneath the receiver. 


The brushes should not be crushed against the casting. 


F. Verify that proper disc speed is reached within 30 seconds. 


Ifa problem occurs, power down the Drive and refer to appropriate part of Section 5. 


SECTION 3 

OPERATION 
3.1 SCOPE 
This section provides information for operation of the Front Loading and Top Loading Disc 
Drives. Description of front-panel controls and indicators and a summary of the operational 
commands used by the unit are included. 
3.2 OPERATOR'S CONTROL PANEL 
Operational controls and status indicators are mounted on a panel located on the front of the Disc 
Drive. Some of the controls feature integral indicator !lamps which, if activated, illuminate the 


translucent engraved control pushbuttons. The control cluster is shown in Figure 3-1, and individual 
functions of the controls and indicators are described in paragraphs 3.2.1 through 3.2.6. 


WAN-0061 


READY 
LOAD 


RUN. 
LOAD 


Figure 3-1. Operator Controls 
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3.2.1 FUNCTIONS OF OPERATOR PANEL CONTROLS 


3.2.1.1 Power Switch/Indicator. This is a two-position switch/indicator marked POWER. 
When the switch is pressed upward, line power is applied to the Disc Drive’s integral power supply. 
The lamp inside the switch lights and remains on until the switch is placed in its OFF (down) 


position. 


See lee Run/Load Switch. This is a two-position rocker switch whose upper position is 
marked RUN. When the upper part of the switch is depressed, the Disc Drive is in Run mode with 
the disc rotating and the Read/Write heads loaded. When the lower (LOAD) part of the switch is 
depressed, the Disc is stopped and the Disc Drive is in Load mode. At this time, the front door of a 
Series F Disc Drive can be opened or the lock on a Series T Disc Drive is unlocked so that the 


chassis can slide out of the cabinet, and the removable disc cartridge can be removed. 


3.2.1.3 Ready/Load Indicator. This is a status indicator incorporating a divided lens cap. The 
upper portion of the lens is marked READY. When the READY portion of the switch lights, the 
operator is aware that the start cycle has been completed and the unit is able to accept Seek or 
Data Commands from the external Controller. When the LOAD portion of the switch lights, the 
operator is notified that the spindle has stopped rotating. At this time, the removable disc cartridge 


can be loaded or unloaded. 


3.2.1.4 Protect Cartridge (Disc) Switch/Indicator. This switch/indicator is a two-position 
rocker switch marked PROT CART. When pressed upward, the switch activates associated Write 
Inhibit circuits. At this time, data can not be written on the cartridge disc. The lamp inside the 
switch also lights. When the switch is depressed downward, the lamp goes out and data can be 


written on the cartridge disc. 


3.2.1.5 Protect Fixed (Disc) Switch/Indicator. This is a two-position rocker switch/indicator 
marked PROT FIXED. When the upper area of the switch is pressed, the switch activates associated 
Write Inhibit circuits and data can not be written on the fixed disc. The lamp inside the switch also 
will light. When the lower area of the switch is depressed, the lamp will go out and the Write Inhibit 


circuit is inactivated. 
3.2.1.6 Unit Select Switch. This is a thumbwheel switch with respective markings 0, 1, 2, and 3. 
When the switch is set to any of these four active positions, a corresponding logical address is 


assigned to the Disc Drive for the purpose of external control. 
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3.3 CARTRIDGE LOADING 


3.3.1 SERIES F DISC DRIVE 


The cartridge used in the Series F Disc Drive is the IBM 2315-type. Before the cartridge can be 
inserted, AC power must be applied to the unit. Removable cartridge loading for both Series F and 
Series T is shown in Figures 3-2 and 3-3. This enables the safety interlock mechanism to be released 
and the loading door at the front of the Disc Drive can be opened. The turn-on and loading sequences 


are diagrammed on the flow chart in Figure 3-4. 


4 CAUTION 


DO NOT ATTEMPT TO FORCE OPEN THE 
DOOR BEFORE AC POWER HAS BEEN 
APPLIED TO THE DISC DRIVE OR THE 
DOOR ASSEMBLY MAY BE DAMAGED. 
WHEN THE POWER AND LOAD INDICATORS 
ARE ILLUMINATED, THE INTERLOCK IS 
RELEASED AND THE DOOR CAN BE 
OPENED EASILY. 


To load the cartridge, perform the following steps: 


A. 


Apply power to the Disc Drive by pressing the POWER switch. Observe that the 
lamp inside the switch/indicator lights. 

When the LOAD indicator lights, pull the loading door forward and down. The 
cartridge receiver should then be elevated and moved to a position in which it 
can accept the cartridge. 

Orient the cartridge so that its head entry opening faces the interior of the drive 
(12 o’clock position). 

Push the disc cartridge into the receiver. 

When the disc cartridge is almost inserted in the receiver, it will reach a preliminary 
stop at the point where the wire bail opens the small entry door in the cartridge. 
Continue to push the cartridge into the receiver until it comes to a final stop. 


The loading door can now be closed and the start cycle can be initiated. 
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Figure 3-2. Series F Disc Drive Cartridge Loading 
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Figure 3-4. Operating the Series F or Series T Disc Drive 
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3.3.2 SERIES T DISC DRIVE 


The cartridge used in the top-loading Series T Disc Drive is the IBM 5440-type (ref. figure 3-3). 
To load the cartridge, perform the following steps: 


A. Apply power to the Disc Drive by pressing the POWER switch. Observe that the 
lamp inside the switch/indicator lights. 

B. When the LOAD indicator lights, pull the Disc Drive out of the rack; its loading 
door should open automatically as the unit slides out. 

C. Before the cartridge can be inserted, its bottom cover must be removed. Raise 
the cartridge handle to a vertical position while pushing the release button sideways. 

D. The bottom cover is then released and can be removed. It will! be installed later 
on top of the cartridge. 

E. Orient the cartridge so that the Cartridge LOGO is facing the front of the Disc 
Drive. The cartridge is keyed and may be installed only if oriented correctly. 

F. Lower the cartridge into the shroud and make certain it is seated firmly in the 
shroud. 

G. Fold the cartridge handle down. This action unlocks the cartridge release button. 

H. Invert the bottom cover and place it over the top of the cartridge. 


| NOTE | 
The cartridge MUST be installed as described 


or the start cycle can not be initiated. 


|. Close the locking door by pushing the Disc Drive back into the rack. The Start 
cycle can then be initiated. 


[aor] 


In both the Series F and Series T Disc Drives, 
the loading door rernains locked if the POWER 
switch is pressed downward while in the RUN 
mode; therefore, the cartridge can not be re- 
moved. If this occurs, the Disc Drive must again 
be placed in the Load mode, with power applied, 


to enable the loading door to be unlocked. 
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3.3.3 OPERATING THE DISC DRIVE 


The controls on the Operator Control Panel (OCP) of the Series F and Series T Disc Drives are 


identical and there is no difference in operating the two types of Disc Drives. 


3.3.3.1 Power On and Load Status. When AC power is supplied to the Disc Drive, two events 
should occur: 


A. Power and Load indicator lamps should light. 
B. The loading door should unlock. 


At this time, the removable cartridge may be removed from, or inserted into, the Disc Drive. 


Inspect the cartridge for dirt or contamination 


before installing in Disc Drive. 
3.3.3.2 Establishing the Ready Status from the Load Status. To initiate this operation, transfer 
the RUN/LOAD switch from LOAD position to RUN position. The following events should then 


occur: 


The loading door should lock. 


oo 


The discs should come up to operational speed. 

C. The disc brushes should go through their cleaning cycle and return to their home 
position. 

D. The positioner should move forward and load the heads at track O00. 

E. The READY indicator should light. 

(Elapsed time should be approximately 30 seconds for 100 TPI). 

(Elapsed time should be approximately 60 seconds for 200 TPI). 


Ready status is then established and the Disc Drive should respond to external commands from the 
Controller. 


3.3.3.3 Establishing Load Status from Ready Status. To initiate this operation, transfer the 


RUN/LOAD switch from the RUN position to the LOAD position. The following events should 
occur: | . 


The READY indicator should go out. 
Disc rotation should gradually decrease until rotation stops. 


The LOAD indicator should light (approximately 25 seconds for. 109/200 TPH). , 
The loading door should unlock. 


90 B > 


At this time, the cartridge may be removed and replaced, or power to the Disc Drive may be 
removed. 


[eer] 


When the cartridge is removed from a Series T 
Disc Drive, it should be placed in its cover 
immediately to preclude damage to, or con- 
tamination of, the cartridge. On Series F, the 
cartridge should be stored in a clean environ- 
ment and handled in a manner that will not 


damage any of the critical parts of the cartridge. 


3.3.3.4 Operator Maintenance. Before installing a cartridge into the Disc Drive, inspect the 
cartridge for contamination. On the Series F and Series T Disc Drives, inspect the spindle chuck and 
shroud for contamination. For cleaning techniques and frequency, check with the local customer 
service representative. | 


CAUTION 


WHEN INSERTING A REPLACEMENT 
CARTRIDGE IN THE DISC DRIVE, MAKE 
CERTAIN THE CARTRIDGE HAS BEEN IN 
THE SAME AMBIENT CONDITIONS AS THE 
DISC DRIVE FOR A MINIMUM OF 2 HOURS. 
IF THIS PROCEDURE IS NOT FOLLOWED, 
“WARM UP” PROBLEMS MAY BE EN- 
COUNTERED ON 200 TPI UNITS. 


a 
ne) 


3.3.4 TIMING 


Figures 3-5 through 3-9 show typical timing relationships encountered during Disc Drive 
operation. In all of these figures, a high level indicates the TRUE or ON state of the particular 
function. 
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SECTION 4 
THEORY OF OPERATION 
41 INTRODUCTION 


The WANGCO Series F and Series T Magnetic Disc Drives are designed to provide auxilliary 
memory storage on an oxide-coated disc by magnetically recording double frequency-encoded 
data onto concentric tracks on the disc surface, and by reading the data previously recorded. The 
basic configuration of both the Series F and the Series T Disc Drive is similar except in the 
method of loading the removable disc cartridge. Both series’ are available with two track densities: 
100 tracks per inch and 200 tracks per inch. The 200 TP! model also has temperature com- 
pensation circuitry. Optional spindle drive speeds of 1500 rpm or 2400 rpm are available in both 
the Series F and Series T. The spindle rotational speed variation is accomplished by changing the 


speed control oscillator circuitry. 


Air flow and purging, as well as the data protection features are described in Sections 1 and 2 with 
Section 3 including operating instructions. Modular construction of circuitry is maintained through- 
out the unit and in most cases with componerits comprising specific circuit functions mounted 

on one circuit board. . 


4.2 ' SCOPE 


This section is divided into two principal parts: the mechanical operation theory and the electronic 
theory. Explanation of the mechanical features is included as a prerequisite to the theory of 
operation of the electronic circuits. The electronic theory portion of the section is further sub- 
divided into a basic discussion of the system and is keyed to a functional block diagram followed 
by a circuit analysis of each major circuit board. The basic block diagram of the Disc Drive is 


shown in Figure 4-1. 
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Figure 4-1. Simplified Block Diagram 
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4.3 MECHANICAL OPERATION 
4.3.1 SPINDLE AND READ HEAD OFERATION 


4.3.1.1 Spindle Control. The magnetic fixed disc is secured to, and rotates with, the spindle. 
The spindle is driven by a DC motor. The removable disc cartridge is locked onto the spindle 
assembly, as described in Section 1, for both the front-loading and top-loading units. The spindle 
drive motor also drives the squirrel-cage blower motor with a seamless belt. Brush assemblies are 
included on both the spindle and blower shafts to dissipate electrical noise. Motor speed is 
accurately controlled (+1%) by a speed control circuit described later in the section. The drive 


belt and pulley assemblies are shown in the bottom view of the Disc Drive chassis, Figure 5-5. 


4.3.1.2 Addressing and Daisy Chaining. Figure 4-2 is a diagram showing how the Disc Drive 
is addressed by an external Controller or Formatter. A feature of the Series F and Series T units 


is the capability for up to four Disc Drives to be connected to one Controller. In a daisy-chain 
configuration, a UNIT SELECT switch on the Operator Control Panel permits the receipt of 
instructions and data addressed only to the unit. Note that a line termination assembly is required 
after the last Disc Drive in the daisy-chain for terminating the line (ref. figure 4-2). Up to 204 
tracks (for the 100 TPI unit) are available for positioning the Read/Write heads with the inner- 
most track referred to as Track 203 and the track nearest the edge of the disc referred to as 
Track 000. In 200 TPI units, up to 408 tracks are available for storage of data. In this typical 
example, the disc is divided into 24 sectors. However, this is a customer-designated option as 
explained in the discussion of the Index/Sector pulse generation theory in later paragraphs. When 
the Disc Drive has been selected, the Controller sends a command which includes the selection of 
either the fixed disc or removable cartridge as well as either the upper or lower surface of the 
addressed disc. The signal from the Controller also includes the cylinder (track) address and 


enabling signals. 


4.3.1.3 Head Positioning Servo System. The head positioning servo system drives the carriage 
assembly by moving the heads over the surface of the disc and detents (locks) the Read/Write 
heads over the designated (or addressed) concentric recording track. Figure 4-3 shows the positioner 
and its components. The head positioner is a linear electromagnetic actuator driven by an elect- 


ronic servo system. 
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4.3.2 CARRIAGE MOVEMENT AND OPTICAL DETENT 


The Read/Write heads mount on a carriage assembly which rides on ball bearings over precision 
guide rails. Extending or retracting the positioner assembly moves the heads radially across the 
disc surface. An optical position transducer produces the necessary analog signals. This optical 
unit contains a Light Emitting Diode (LED) and a lens and reticle assembly. The reticle assembly 
has a PCB with photo diodes and a glass mask with a series of vertical lines. A mask with a 
corresponding series of vertical lines, which moves between the lens and reticle assembly, is 


mounted on the carriage assembly. 
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Figure 4-3. Positioner Assembly 
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The lines on each piece of glass conprise an optical grid made up of alternate dark and clear 
lines. The arrangement of these lines is such that when maximum light is allowed to impinge on 
one of these solar cells, the other is cut off as shown in Figure 4-4. 


The outputs of the solar ceils are summed to provide a modified sine-wave input to an amplifier 
circuit, described in the circuit analysis portion of this section. A null point (marked X on 
figure 4-4), or the point at which both of the solar cells conducts equally is identified as the 
crossing of a track. The detected track crossing signal is shaped and routed to a counter circuit, 
the Current Address Register (CAR). Note that all Read and Write operations are performed 
when the null point has been detected indicating that the heads are directly over the addressed 


track. 
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Figure 4-4. Optical Transducer Diagram 
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4.3.3 READ/WRITE OPERATION 


The Read/Write heads ‘fly’’ over the recording track with the clearance ranging from 80 microinches 
at the innermost concentric track to 130 microinches at the outermost track. The difference in 

head clearance is due to increased surface speed at the outer tracks and causes increased dressu re 
against the heads. Note that approximately two inches of the disc area is actually used for re- 
cording data in both the 100 TPI and 200 TPI models; however, the tracks in the 200 TPI model 

are spaced twice as close together. In Read operation, the head picks up data previously recorded 

on the addressed track. In Write operation, the head magnetizes the area directly below the head. 


As shown in Figure 4-5, the head assembly contains a Read/W rite/Erase core whose center tap is 
energized when the head is selected for either a Read or Write operation. The remaining com- 
ponents include a ceramic shoe, a head support arm which is used to attach the head assembly to 
the carriage, and a gimbal spring which allows the head to follow the disc contour. The use of the 
mechanical ramp is explained in the next paragraph, and the functions performed by circuits 
associated with the Read or Write operations are included in the discussions of these circuits as 
associated with the circuit analysis descriptions of the applicable circuits. 
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Figure 4-5. Read/Write Heads 
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4.3.4 SAFETY FEATURES 


To protect user’s data as well as the disc surface and recording components, several safety features 
have been designed into the unit. A voltage-sensing circuit constantly monitors both the AC and 
DC operating voltages, and if any voltage drops below a preset limit, the carriage is retracted and 
the heads are unloaded automatically. 


The Read/Write heads are automatically unloaded during a power-down procedure. The Read/ 
Write heads are ramp-loaded, a technique requiring minimal components while retaining close 
control over rate of head load. The assembly rides up a mechanical ramp when retracted, and is 
lifted further away from the disc surface. Figure 4-6 shows the ramp-loaded heads in the unloaded 
position. As the heads move forward, they slide down the ramps and are loaded directly over the 
surface of the disc. 
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Figure 4-6. Head Unloading Mechanism 
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4.4 SYSTEM ELECTRONIC THEORY 
4.4.1 FUNCTIONAL BLOCK DIAGRAM DESCRIPTION 


4.4.1.1 100 TPI and 200 TPI Similarities. Since the 100 TPI and 200 TPI Disc Drives are 
basically similar, the following theory discussion will apply to both types of Disc Drives. Operating 
principles are identical except for the Track density achieved in the 200 TPI model by spacing 
of the concentric recording tracks. The 200 TP! unit also incorporates a temperature compensation 


circuit. 


4.4.1.2 Introduction to Circuit Theory. Figure 4-7 is a functional block diagram of the Disc 
Drive showing interconnecting signals and the functions performed by the circuit boards contained 
in the unit. The block diagram should be used as a reference when following the circuit functions 
described; in addition, the basic block diagram of the Disc Drive can be referred to (ref. figure 


4-1). The mechanical operational theory also should be used as a reference. 


4.4.1.3 Basic System Operation. When the POWER switch on the OCP is pressed, control 
circuits, registers, and counters are preset to a desired initial state. The applicable DC working 
voltages are generated, and the circuits which drive the DC spindle drive motor are enabled. Note 
that the Start, Stop, Run/Load mode selection, as well as activation of the Write protection circuits, 
are made by actuation of front-panel switches. Conversely, the Seek, Restore, Read, and Write 
operations are initiated by the external Controller through data, control, timing, and status signals 


transmitted through the I/O interconnecting cable. 


Once the disc rotational speed has reached 1500 or 2400-romnominal value specified by the 
customer, the Read/Write heads are loaded automatically as the positioner carriage on which the 
heads are mounted is driven from its Home position to track 000. When the heads have settled 
over this track, a READY status signal is sent to the Controller. 


The Controller may now initiate a Seek (SK) Command followed by the cylinder address to which 
the carriage is to be moved. This information is routed to the Servo Logic board, where the 
cylinder (track) address is strobed into the New Address Register. This binary number then is 
compared to the value stored in the Current Address Register. This register consists of up/down 
binary counters containing the binary value representing the present positioner carriage location. 
These two values are compared and a difference value is obtained which represents the difference 
between these two binary numbers. This difference value is applied to a D-A converter to provide 
an analog drive signal which is sent to the Servo Amplifier Board. A simplified block diagram of 


the head positioning system is shown in Figure 4-8. 
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Figure 4-7. Block Diagram — 100/200 TPI Disc 
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Figure 4-8. Functional Block Diagram — Head Positioning System 


The circuits on the Servo Amplifier board route the analog signal through the board to the linear 
DC positioning motor, and the carriage is moved toward the new address at a speed proportionate 
to the number of tracks to be crossed. The position transducer detects the crossing of each track 
as described in the discussion of mechanical operation of the head positioning system. The Current 
Address Counter is updated with the counter being incremented or decremented as required. 

Once the value in the Current Address Register is equal to that in the New Address Register, the 
DETENT MODE signal is sent to the Control |nterface board. A status signal SEEKCOMP, is 
generated on this board and transmitted to the Controller signifing that the addressed track has 
been reached and that the Read/Write heads are settled over the desired track and locked or 
detented in place. 
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When the SEEK COMP signal is received by the Controller, a Write or Read operation may be 
initiated. A functional block diagram showing the logic circuits associated with the Read and 
Write operations is shown in Figure 4-9. The same heads are used to read and write data with 

a decoding matrix on the Data Electronics board determining whether the fixed disc or the 
removable cartridge will be selected and whether the upper or lower surface will be selected. 
The Write data from the Controller then is routed through the !/O Connector board and the 
Data Interface board to the Data Electronics board. For a Read operation, the data flow is re- 
versed. The fine servo loop on the Servo Amplifier circuit board is used to lock the carriage over 


the addressed data track during either a Write or Read operation. 
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Figure 4-9. Functional Block Diagram— Read/Write Circuit 
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4.5 LOGIC BOARD CIRCUIT ANALYSIS 


4.5.1 [/O CONNECTOR BOARD (IOB) 


4.5.1.1 Board Functions. The main functions performed by the logic circuits on this board 
include: 


A. Line Receivers 
B. Line Drivers. 


C. Daisy Chaining 


4.5.1.2 Line Receivers. The command and data signal lines from the I/O cable enter the Disc 
Drive through connector J22 which is wired in parallel, pin-by-pin, with daisy-chain connector 
J23, Each input is connected to one input terrninal of its associated line receiver. These lines are 
also connected to a terminating bias by a resistive network. The second input to each line 
receiver is a common enabling signal, EN RECV. A block diagram of this 1/O Connector Board, 


showing the line receivers and drivers, is shown in Figure 4-10. 


The input signals from the Controller are low-true signals; i.e., a logical ‘1’ is defined as a level 
between 0 and 0.5V. The inverting line receivers furnish high-true signals (logical ’’1’’ is represented 
by a level of approximately +4 VDC to the drive system). The receiver outputs are routed to the 
Data Interface Board (DIB) through connector J21 and the flexible interconnecting ribbon cable 
assembly. 


4.5.1.3 Line Drivers. The status and data signals generated in the Disc Drive are routed to the 
1OB through the ribbon cable and connector J21. Each signal is routed to one input of the corres- 
ponding line driver. The second input to each line driver is a common enabling signal, ENDR. The 
low-true outputs from the line drivers are transmitted to the Controller through !/O connector J22 


and the interconnecting cable. 
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Figure 4-10. Block Diagram — 1/O Board (continued) 
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4.5.1.4 Driver Enable Circuits. A control circuit on the |OB generates the enable signals for 
the line receivers and line drivers as a function of the UNIT SELECT provision and the 
ATTENTION signal. The logical address signal for selection of one of the four daisy-chained 
Disc Drives is received from the Controller via the 1/O cable and connector J22. This signal is 
inverted and applied to two NAND gates. The second input to each of these gates is furnished 
by the SEL1/SEL2 decoder. The decoder is supplied by the four-position UNIT SELECT switch 
which is located on the control panel of the particular Disc Drive. The inputs on lines SEL1 and 
SEL2 are encoded by the UNIT SELECT switch mechanism. 


When both inputs to any one of the gates are high, indicating matching selection (remote and local 
of the unit address), the output of that particular gate will be low; therefore, the EN REC signal 
is low. This low-level signal enables all line receivers. The EN REC signal is inverted to a high 


level and the resultant EN DR signal is used to enable all line drivers. 


The decoder outputs are further used to generate the ATTENTION status signal. Depending on 
which gate is enabled by the high-level output of the decoder, a low level will be placed on the 
respective ATTENTION line when the internal ATTENTION signal is received. 


4.5.1.5 Daisy Chaining. The daisy chaining provision is implemented with the two parallel- 
wired connectors J22 and J23. The I/O connector J22 (a male connector) mates with the interface 
|/O cable. The entire communications link between the Disc Drive and the Controller is established 
via this cable. The parallel (pin by corresponding pin) daisy chain connector, J23 (a female 
receptacle), mates with one end of a daisy-chain cable whose other end mates with 1/O connector 
J22 of the second Disc Drive, etc. Up to four drives can be interconnected with the Controller in 


this manner. 

4.5.2 ELECTRONICS INTERCONNECT BOARD 

The Electronics Interconnect Board (EIB) is basically a mother board into which the other circuit 
boards are inserted. The interconnecting diagram for this circuit board is in the schematic drawings 


of Appendix C. Since this circuit board is used only to provide interconnecting signal paths, no 


further information is included. 
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4.5.3 DISC CONTROL (DCB) 


4.5.3.1 Board Functions. The principal functions performed by the logic circuits on this 
circuit board include: 


Generation of disc control signals. 
Maintenance of constant disc speed. 
Separation of index and sector pulses. 
Generation of LOAD HEADS signal. 
Solenoid signal circuit. 


amon @ >} 


Automatic disc cleaning brush cycle. 


4.5.3.2 Spindle Speed Detect Circuit. The spindle motor speed detect circuit on the DCB is 
used to monitor the speed of the spindle motor, to provide a clock signal of 2000 pulses for each 
disc revolution (for either 1500 or 2400 rpm discs), and to generate the SPINDLE MOTOR ON 
(SPM ON) signal. The block diagram for the speed detect circuit is shown in Figure 4-11. 
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Figure 4-11. Motor Speed Detect Circuit Block Diagram 
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4.5.3.3 Maintenance of Constant Spindle Rotational Speed. The PSEUDO SECTOR 2000 line 
provides 2000 pulses per disc revolution to the external Controller. The output of the 3.2-MHz 
crystal-controlled oscillator is divided into 200 KHz (for 1500 rpm units) or 320 KHz (for 2400 rpm 
units). This output is then further divided to 50 KHz (1500 rpm) or 80 KHz (2400 rpm), thus 


providing a stable crystal-controlled signal of 2000 pulse per disc rotation to the Controller. 


The SPEED DETECT (SP DETEC) signal! is generated if the spindle rotational speed deviates more 
than +1% from the specified value. The 3.2-MHz crystal-controlled oscillator signal supplies the 
reference input for the spindle motor speed detect logic, and the index pulses represent the error 
signal required to correct the motor speed. If spindle speed falls below 1% of the 1500 rpm or 
2400 rpm rate, more than 2000 clock pulses will occur during one rotation. The 2000th pulse 

will activate the spindle control logic thereby generating a correction signal to speed up the spindle 
motor. When the motor reaches the correct speed, the counter is cleared by the next index pulse 
following the 2000th clock pulse. The spindle motor will not be activated, and no correction 


signal will be sent to the motor. 


Drive current is routed to the Spindle Motor Power Switch Board through the Power Regulator 
Board as shown in Figure 4-12. Another input to the Spindle Drive Motor Power Switch Board is 
from the Spindle Drive Regulator Board which is located in the air filter cavity with the Motor 
Power Switch Board. The SPINDLE MOTOR ON (SPM ON) line from the DCB to the PRB be- 
comes HARD PICK to the Spindle Motor Power Switch board and then is applied to the motor 
armature as RUN (L). On 200 TPI units, this should not occur until the spindle has reached 
approximately 70% of its nominal rotational speed. The SPM ON signal will be present until the 
spindle has reached its rated operational speed, at which time, the signal will be turned off. The 
SPM ON signal will not be generated again unless spindle rotational speed drops at least 1% below 


its nominal operational speed. 
4.5.3.4 Separation of Sector and Index Pulses 
The Sector/Index logical circuit shapes and separates the intermixed sector and index pulses 


received from the transducers. The circuit blocks and interconnecting signal paths for both the 


fixed disc and removable cartridge transducers are shown in Figure 4-13. 
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Figure 4-12. Spindle Speed Control Servo System 
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Figure 4-13. Block Diagram of Index/Sector Logic Circuit 
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The origination of signals and functions performed by the Index/Sector logic are described in the 


following sub-paragraphs. 


4,5.3.4.1 Removable Disc Index Pulses. The transducer pulses received by this circuit board are 
applied to the Index/Sector circuit where they are amplified in a Schmitt trigger. The resultant 
output is used to trigger a one-shot. When this one-shot times out, it fires another one-shot which 
has a fixed time delay that standardizes the pulse width to a selected time duration. The index 

and sector pulses then are separated by two AND gates, one of whose input is the output of a 
one-shot. A jumper option is used to provide the capability of selecting optional circuit config- 
urations. A table showing the circuit options is included on the schematic for the DCB. Since there 
is a specific delay between the corresponding transducer pulses, which is different for 1500-rpm and 
2400-rpm units, the one-shot delay is preset by inserting a precision resistor to ensure separation 


of the two pulses. 


4.5.3.4.2 | Timing Relationships. When the sector pulse preceding the index pulse triggers the 
two one-shots, the second one-shot times out, and its trailing edge triggers the standardizing one- 
shot used to enable the pulse separation AND gates. Although the other input to the Removable 
Disc Sector (RIDX) AND gate is high during the duration of the output pulse from this one-shot, 
the other input remains low until changed by the trailing edge of that pulse. Therefore, the sector 
pulse will not be passed by this AND gate. The delay of the one-shot is long enough so that the 
output will be high when the index pulse triggers the two preceding flip-flops which causes the 


output of the second one-shot to go high again. 


Since both inputs to the AND gate are now high simultaneously, the standardized index pulse 
will be passed, and the RIDX output will be high. When the index pulse from the standardizing 
one-shot appeared at the second input to each of the two AND gates, the output of the third 
one-shot was still low and the two gates were not enabled. Therefore, the index pulse is not 
passed and does not appear on the RIDX line. A timing diagram showing the sequence of events 


occurring during the Index/Sector separation process is shown in Figure 4-14. 


4.5.3.4.3 | Removable Disc Sector Pulses. The standardized sector pulses will be passed by the 
Removable Disc Sector (RSTR) AND gates since the trailing edge of these pulses triggers the 
standardizing one-shot. Therefore, during the sector event, one input to this gate will be high due 
to the sector pulse, and the other input will be high since the standardizing one-shot has not yet 
been triggered. When this one-shot is fired, it will time out prior to the arrival of the next sector 
pulse; therefore, the second output to the RSTR AND gate will be high during that pulse. The 
index pulses (RIDX) and sector pulses (RSTR) are routed to the Control Interface Board (CIB) 
for processing. 
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Figure 4-14. Removable Disc, Index/Sector Separation 


4.5.3.4.4 | Fixed Disc Index and Sector Pulses. The index and sector pulses developed by the 
transducer and associated with the sector ring mounted on the fixed disc are amplified, shaped, 
and separated in essentially the same manner as the removable disc pulses. These pulses are 
amplified and shaped by a Schmitt trigger circuit before being standardized by a one-shot and 
separated. The Fixed Disc Index pulses (F!DX) and sector pulses (FSTR) are routed to the CIB 
for further. processing. 


4.5.3.5 Load Head Logic 


The load head logic circuit initiates the Run mode by generating three signals as described in the 
following paragraphs. 
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4.5.3.5.1 RTZ. A Return To Zero carriage return signal is generated during the power-on 
sequence to ensure that the carriage is retracted before the loading door can be opened. With the 
RUN/LOAD switch in LOAD position, the input from the switch is inverted and routed through 
an OR gate to clear the RDY DLY 1 flip-flop. The false output of this flip-flop is routed through 
two NOR gates and signal RTZ is high. A jumper option is included to permit the customer to 
select an inverted RTZ output signal. However, the jumper is hardwired in the position shown 
on the schematic when the unit is shipped from the factory. A basic block diagram of the load 
head logic circuit is shown in Figure 4-15. If the RUN/LOAD switch is placed in RUN position, 
the complement output of the CNT 2048 flip-flop in the retract circuit is low whenever the 
spindle speed is more than one percent below the specified figure. This causes the KDY DLY 1 
flip-flop to clear and the RTZ line to be high. The RTZ signal is routed to the Servo Logic board 
where it is used as the determined Set Signal for the Unload flip-flop. 


At this time, the data terminal of the CNT 2048 flip-flop in the solenoid logic circuit goes low as 
determined by the output of the rpm counter in the spindle motor speed detect circuit. The up-to- 
speed index pulse sets the CNT 2048 flip-flop causing one input to the AND gate at the clock 
input to the RDY DLY 1 flip-flop to go high. At the end of the brush cycle, when the disc brushes 
have been returned to Home position, the brush motor flip-flop is cleared by the output pulse 
from a 40-millisecond one-shot. This one-shot is triggered by the low-high transition of the in- 
verter in the brush motor logic circuit. This signal is generated in response to the closing of the 
brush Home switch as described in the discussion of the brush motor circuit operation. Asa 

result, the clear and data terminals of the RDLY 1 flip-flop will now be set by the next index 
pulse, while the O output of the flip-flop goes low. This level is inverted, forcing signal RTZ low. 


This signal will remain low unless one of these conditions is present: 


The RETURN ZERO command is received from the Control Interface board. 
B. The spindle rotational speed varies more than +1% above or below the specified 


value. 
C. The RUN/LOAD switch is placed in LOAD position. 


As the result of any of these conditions, signal RTZ will go high and the carriage will be retracted. 
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4.5.3.5.2 LD HD (L). This is a pulse used to initiate the Initial Seek to track 000 which includes 
the head loading operation. This signal will be an active low for exactly the time duration of one 
Removable Index pulse (RIDX) and will be generated in the following manner (ref. figure 4-15): 


A. The RDY DLY 1 flip-flop will be clocked reset by the same RIDX pulse that 
is the first to arrive soon enough to reset the RPM counters before they reach a 
count of 2048. 

B. The same RIDX pulse will clock the RDY DLY 2 flip-flop set. This enables two 
legs of the LD HD (L) NAND gate. The next RIDX to arrive will generate LD 
HD (L) and it will be exactly the width of an RIDX pulse. This last RIDX pulse 
also clocked the RDY DLY 2 flip-flop set; therefore, additional LD HD (L) 


pulses will not be generated. 


4.5.3.5.3  RDY 1. The Ready 1 signal is sent to the CIB for internal processing and the generation 
of the READY status signal and transmission of this signal to the Controller. This signal is 
produced when the true output of the RDY DLY 2 flip-flop goes high following generation of the 
LD HD pulse. Both inputs to the AND gate will be high and the gate will conduct. Thus, a RDY 1 
signal is sent to the CIB. Signal RDY 1 will terminate in response to the same conditions that 


generate the RTZ signal, except for the external RETURN ZERO command from the Controller. 
4.5.3.6 Solenoid Logic Circuit. 


The basic function of the solenoid logic circuit is to provide a solenoid signal (SOL) for unlocking 


the cartridge loading door. 


4.5.3.6.1 SOL. When loading the cartridge, the brush Home microswitch is open. This causes 
the SOL line to go high with current being provided to actuate the door lock solenoid. Energizing 
the solenoid releases the locking mechanism, and the cartridge loading door can be opened. The 
SOL line remains high until the RUN/LOAD switch is placed in RUN position. In the Run mode, 
the preset terminal of the solenoid flip-flop goes low. This forces the solenoid to drop out, and 
the cartridge loading door will be locked for the duration of the Run mode. 


4.5.3.6.2 POWER RESET. When power is applied to the unit, a power reset pulse is generated 


by a one-shot. 
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4.5.3.7 Brush Motor Logic. The brush motor logic circuit controls the motor used to cycle the 
disc cleaning brushes. When the BMON output goes high, a return path is provided for the brush 
motor current. As this condition occurs, the brush motor is activated and the brush cycle starts. A 


block diagram of the brush motor circuit is shown in Figure 4-16. 


The Brush Motor Logic sets and turns the Brush Motor on when the RUN/LOAD switch is placed 
in RUN position. The motor operates a cam that cycles the brushes and controls the brush switch. 
When the brushes are in Home position, this switch is open and BRUSH MOTOR ON (-—) is high. 
As the motor starts, the switch closes and the BRUSH MOTOR ON (—) goes low. This resets the 
Brush Motor flip-flop but retains the Brush Motor On (BM ON (+) signal high until the brush 


cycle is complete and the brushes return Home again. 
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Figure 4-16. Block Diagram of Brush Motor Logic Circuit 
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4.5.4 POWER REGULATOR BOARD (PRB) 


4.5.4.1 Board Functions. A block diagram of the PRB is shown in Figure 4-17. The main 


functions performed by the logic circuits on this circuit board are: 


Regulate +13 V. DC voltages. 

Energize solenoid. 

Enable brush motor circuit. 

Generate HARD PICK signal. 

Energize READY and LOAD indicators 
Detect AC Loss. 


pes ee Gee. ae 


4.5.4.2 Cartridge Interlock Solenoid. When the solenoid signal (SOL) from the RUN/LOAD 
logic circuit is high, the LOAD indicator on the OCP is illuminated. A transistor is turned on 
simultaneously with lighting of the lamp to supply current to the door lock solenoid. The solenoid 


releases the locking mechanism, and the cartridge loading door can be opened. 


4.5.4.3 Brush Motor Control. When signal BM ON in the brush motor control cycle is high, 
the output of the NAND gate to the BRUSH MOTOR line is low, and a path is provided for the 
brush motor current. The brush motor starts to turn thus rotating the cam which cycles the 
cleaning brushes and actuates the brush control switch. This operation is performed in conjunction 


with the circuits on the Disc Control Board. 


4.5.4.4 Generation of Hard Pick. In 1500-rpm units, signal HARD PICK is generated im- 
mediately when power is applied, and this line remains high until! the spindle has attained full 
speed. In 2400-rpm units, signal SPM ON is not generated until the spindle has reached approxi- 
mately 70% of its full speed. The HARD PICK signal is developed from the speed control circuits 
whenever the spindle speed drops 1% below the specified speed of the disc drive being used. 


4.5.4.5 Ready Indicator. When the READY line on the Control Interface board is high, the 
READY lamp driver is turned on. Current then is applied to the READY indicator lamp. 


4.5.4.6 AC Loss. An 18V. RMS voltage is transferred from the power supply to the Power 
Regulator board. This voltage is rectified and used to turn on a transistor. In the event of loss of 
AC input power, the capacitor at the input to the transistor discharges, turns off the transistor, 
and isolates the circuit from ground. This occurs approximately 20 milliseconds following a loss 


of AC power. The DC voltages are still applied due to the charge stored in the power supply capacitors. 
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Figure 4-17. Block Diagram of Power Regulator Board 
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4.5.5 TRANSDUCER DIFFERENTIATOR CIRCUIT BOARD 


This circuit board is included in the Series F Disc Drives only. The sole purpose of this board is to 
convert the output signal from the index/sector transducer to be compatible with that of the 

Series T unit. Both the outline drawing and schematic for this circuit board are included on drawing 
300921 in Appendix C. 


4.5.6 SERVO LOGIC BOARD (SLB) 


4.5.6.1 Circuit Board Functions. The principal functions performed by the logic circuits on 
this board include: 


Store new cylinder address. 

Decode illegal address. 

Store current positioner address. 
Generate and condition difference signal. 
Utilize BOT signal and detent pulses. 


Generate positioner control signals. 


OnmMmoo® p 


Temperature compensation (200 TPI units only). 


4.5.6.2 New Address Register (NAR). The SLB contains the New Address Register into which 
the desired cylinder address is loaded at the start of a Seek operation. The binary value stored in 
the Current Address Register (CAR) subsequently is compared to the value in the NAR, and a 
difference value is obtained. This value is converted to an analog signal proportional to the 
number of tracks to be crossed. The heads must be loaded and the RDY status line to the Con- 
troller must be true to notify the Controller that the Disc Drive is ready to receive operational 
commands. The NAR is cleared when the BOT 1 flip-flop is set, and the cylinder address is 
strobed into the NAR by the Delay Seek one-shot. A block diagram of the Servo Logic Board 


is shown in Figure 4-18. 


The cylinder address from the Controller is routed to the SLB via the Input/Output Connector 
Board (IOB) and the Data Interface Board (DIB) on the input lines labeled ADD 1 through 

ADD 256. These inputs are supplied to flip-flops which comprise the NAR on the SLB. Signal SK, 
a positive-going pulse, is used to trigger a one-shot, the output of which is applied to the clock 
input of the flip-flops in the NAR. 
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‘4.5.6.3 Illegal Address (ILL AD). The O outputs of the NAR flip-flops are applied to a 
decoder circuit. Both the decoder circuits for the 100 TP! and the 200 TPI Disc Drive are shown 
in Figure 4-19. If the value of the binary number is greater than the number of valid tracks for 
the disc, an ILL AD status signal is generated. The address is ignored by the Disc Drive, and the 
carriage remains in its present position. Legal addresses are indicated for values less than octal 
625 or 627 on the 200 TPI Disc Drive. On the 100 TPI Disc Drive, cylinder addresses up to 
either octal 312 or 313 (internally selectable) are accepted. . 


4.5.6.4 Current Address (CAR). The CAR is made up of three four-bit up/down counters. 
This register receives COUNT UP or COUNT DOWN pulses from the CAR DLY one-shot through 
the applicable NAND gate. The output of the counter represents the movement of the carriage 

on which the Read/Write heads are mounted as they move radially across the concentric recording 


tracks. The counters are cleared by aCLR CNTR (100 TP!) or CLR CAR (200 TPI) signal from the 
set side of the BOT 1 flip-flop. 


4.5.6.5 Subtractor Circuit. The outputs of the CAR are applied to a subtractor made up of 
full adders. In the subtractor circuits, these inputs are subtracted from the NAR outputs. The full 


adders in the subtractor circuit are configured with exclusive OR gates as a binary subtractor, using 
the 1’s complement to obtain the difference figure. The CAR and NAR outputs are also used to 
generate the ZERO and NAR CAR signals by comparing their values in comparator circuits 
COMP-1 and COMP-2. 


The subtractor circuit used in the 100 TPI Disc Drive is shown in Figure 4-20; the circuit used in 
the 200 TPI Disc Drive is shown in Figure 4-21. The outputs of the subtractor are the lines from 
the exclusive OR gates. All these lines, except the two highest order positions, are applied to a 
digital-to-analog converter with the analog output, signal D DAC, being routed to the Servo Amp- 
lifier Board (SVA). 


4.5.6.6 Generation of LOAD Signal. The LD HD signal is generated automatically as the disc 
comes up to speed. This negative-going pulse has a width equal to that of the index pulse. When 
this pulse is received from the DCB, it direct sets the LOAD flip-flop, and the LOAD/UNLOAD 
signals are generated and routed to the SVA. There, the generated signal selects an FET whose out- 
put establishes the speed at which the heads may load. Simultaneously, the negative-going LOAD 
(—) pulse is routed to the determined set input of the FWD flip-flop. Signal FWD is routed to the 
SVA to be used in the initial Seek operation as described in the discussion of the SVA board. 


4-32 


WAN-0799 


NAR 266 -———_—_______—_ 

NAR 128 

NAR 64 ———_——___________—__"———_- 

NAR 32 ————_____— 

NAR 8 | 
0 

NAR 16 : 


NAR 4 


NAR 2 


a. ILL ADD Decoder — 200 TP! 


WAN-0802 


NAR 128 


NAR 64 
NAR 32 


NAR 16 


NAR 8 


NAR 4 oO 


NAR 2 
NAR 1 


b. [LL ADD Decoder — 100 TPI 


Figure 4-19. IIlegal Address gating Circuits 
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Figure 4-20. Subtractor Circuit — 100 TPI 


4.5.6.7 Beginning of Travel Pulse. The Beginning of Travel pulse is developed by the position 
transducer two tracks before the carriage reaches track 000 position. This negative going pulse is — 
developed on the SVA board and is routed to the Servo Logic Board (SLB). There, the positive 
transition of the signal is used to clear the LOAD flip-flop and to set the BOT 1 flip-flop. The 
output from the clear side of the BOT 1 flip-flop maintains the positive LOAD/UNLOAD signal 

to the SVA board and ensures that forward motion will be continued. The second detent pulse after 
the BOT pulse causes signal DETENT ODD to go low thus setting the DETENT flip-flop. The 
output of the DETENT flip-flop clears the BOT 1 flip-flop thus removing the LOAD/UNLOAD 
signal, and the positioner is detented (locked) at track OOO. 


4.5.6.8 Detent Operation. Track 000 is defined as the position of the carriage (and heads) at 
which the second odd detent signal is detected and takes place between the termination of the 
second and start of the third detent pulse. At this point, the detent signal has a positive slope; e.g., 
it is negative and rising toward zero. Therefore, the positioner slows down rapidly to approximately 
zero forward speed as it approaches the addressed concentric recording track. Because of the 
moving-mass inertia, some overshoot will occur, but the positioner is driven backward toward 

track 000 (the zero crossing of the detent signal) by the positive excursion of the detent signal. 
When the carriage is locked over track 000, eventually the signals SEEK COMP and READY are 


generated. 
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Figure 4-21. Subtractor Circuit — 200 TPI 
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4.5.6.9 Detent Pulses. As the carriage moves the R/W heads radially across the concentric 
recording tracks, the optical position transducer detects the track crossing as described in the 
mechanical description of the head positioning servo system. The position transducer transmits a 
series of modified sinewave signals to the SVA board (ref. figure 4-8). There, the pulses are shaped 
and amplified; then, depending on the phase of the modified sine wave, the DET ODD or DET 
EVEN pulses are decoded to product DT P pulses. These pulses trigger the CAR DLY O/S whose 
output is gated with the selected output of the FWD flip-flop to produce the signal required to 
increment or decrement the Current Address Register. . 


4.5.6.10 Zero Difference. The updated output from the CAR is constantly compared to the 
binary cylinder address stored in the NAR during a Seek operation by the two halves of the 
comparator (COMP-1 and COMP-2). When the comparator detects that the current value in the 

CAR equals that stored in the NAR, a ZERO signal is generated. This signal enables the set input 

of the Detent flip-flop, and this flip-flop will be clock-set when the Delay Detent one-shot times out. 


4.5.6.11 Temperature Compensation Voltage (TCV). The TCV signal (used on the 200 TP! 
Disc Drive only) provides temperature compensation consisting of an analog signal proportional 
to the ambient temperature within the Disc Drive. This is accomplished by processing the output 
of a thermistor located on the base of the chassis. The analog signal is set at zero tolerance at 

the midpoint of the operating range. A procedure to be used in monitoring operation of the 


temperature compensation circuit is described in Section 5. 
4.5.7 SERVO AMPLIFIER BOARD (SVA) 


4.5.7.1 Board Functions. The main functions performed by the logic circuits on this circuit 


board include: 
A. Provide drive current to positioner motor. 
B. Generate BOT and Detent pulses. 


C. Energize Servo motor relay. 


A block diagram of the SVA circuit board showing the principal signal paths and functional blocks 


is shown in Figure 4-22, 
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Figure 4-22. Block Diagram of Servo Amplifier Board 
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4.5.7.2 Drive Control Signal Generation. This operational cycle is initiated by signals gen- 
erated on the Servo Logic Board (SLB) as described in the circuit analysis of that board. Figure 
4-23 is a timing diagram showing the sequence of events occurring during the initial Track 000 
Seek operation with the abbreviations of the source of each input. The FWD signal from the SLB 
is inverted and used to ground an FET used as an electronic switch. The positive current is 
amplified and applied to a comparator which enables either the FWD driver or the REV driver 
depending on the direction in which the positioner is to move. The SERVO AMPLIFIER OUT- 
PUT signal then is routed to the power amplifier on the Power Regulator Board (PRB) through the 
harness assembly, and is used as a drive control signal to actuate the positioner. The COARSE 
SERVO ENABLE input from the SLB also grounds the gate of an FET, and the carriage (and 
heads) begins to move. The FET’s on the SVA set up signal paths for direction of positioner 
travel and associated drive signal control functions. A notch filler with an emitter follower output 


is used to eliminate mechanical resonances. 


4.5.7.3 DDAC Input. The SVA receives several inputs from the SLB. As described in the 
discussion of that circuit board, the difference figure obtained from subtracting the current binary 
in the CAR from that in the NAR is applied to a digital-to-analog converter. This difference signal, 
DDAC, is applied to the Velocity Ramp generator on the SVA. Note that the DIF 2 MSB signal is 
applied to the amplifier in parallel with the DDAC input. This signal constitutes the two most 
significant digits in the Difference Output. As long as the signal is high, the profile amplifier will be 
saturated, and the carriage will move forward (or backward) at maximum speed. When this input 
goes low, the output of the digital-to-analog converter will determine the speed at which the pos- 


itioner moves the carriage toward the addressed track. The speed will decrease in steps, as shown in 
Figure 4-24, the timing diagram for the New Address Seek operation. A Digital-to-Analog converter 


in conjunction with a ramp generator are used to decrease the Servo Amp output exponentially. 


4.5.7.4 Velocity Generator Operation. The analog output of the D-A converter is applied to 
the velocity generator circuit. The output of this circuit is slightly aided or inhibited by the elec- 
tronic tach output. The SERVO AMPLIFIER OUTPUT signal then is routed to the linear positioner 
motor. The output of the electronic tach circuit is used as a reference voltage. If the positioner 
carriage is moving as fast as the coarse servo amplifier logic circuits have programmed it to go, no 
correctional voltage will be generated. However, if the SERVO AMPLIFIER OUTPUT signal does 
not drive the positioner at the correct rate of motion, the correction voltage will be sent to either 


the FWD or REV FET. 
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Figure 4-23. Initial Address Seek Operation Waveforms 
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4.5.7.5 Positioning Servo System. Head positioning to a desired track is accomplished by 
means of the positioner servo system. This system, a block diagram of which is shown in Figure 
4-25, consists of a positioner motor, a coarse servo loop, a fine servo loop, a FET multiplexer, a 
summing junction and amplifier, and a servo amplifier. When the spindle motor comes up to speed, 
the IDX pulses set the RDY 1 flip-flop and cause signal LD HD to be generated with the LOAD/ 
UNLOAD line going high. The FWD signal is generated on the Servo Logic Board (SLB) when the 
contents of the Current Address Counter (CAR) equals the binary value stored in the New Address 
Register (NAR). When the FWD and LOAD/UNLOAD lines go high, the servo amplifier is activated. 
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Figure 4-25. Positioner Servo 
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4.5.7.6 Final Detent. The coarse servo loop signal is applied through the servo amplifier and 
FWD or REV circuits until the positioner is within one track of the cylinder address stored in the 
NAR. At this time the SERVO DETENT ENABLE signal is generated. The comparator sets the 
Detent Enable flip-flop which enables the fine servo loop. The coarse servo loop is disabled when 
the fine servo loop is activated (and vice versa). The servo detents (locks) the heads in place over 
the selected track. If the last track address is even, detenting takes place on the positive slope of the 
position transducer signal (even track). If the last address bit is odd, detenting takes place on the 
negative slope of the position transducer signal (odd track). With the fine servo loop activated, 
final lock-on is implemented as the DET ODD and DET EVEN inputs to the Servo Logic Board 
(SLB) cause the final increment of the CAR. When the CAR is sampled following the final counter 
increment/decrement, final detent is accomplished. When the heads have settled over the addressed 
track for 5 milliseconds (minimum), the SEEK COMP status signal is transmitted to the Controller 
as described in the discussion of the Control Interface Board. Normal retraction of the positioner 
carriage occurs if the RUN/LOAD switch is placed in LOAD position. This activates a multiplex 


switch which applies a specific input to the servo amplifier to effect full retraction of the positioner. 


4.5.7.7 Track Offset, Forward, and Reverse. The 100/200 TPI Disc Drive has the ability to 
retrieve marginal data. Two lines from the Controller allow the positioner to be offset by a pre- 
determined amount (approximately % mil) in the selected direction in either FWD or REV. A 
simplified logic diagram of the offset circuit is shown in Figure 4-26. These lines can be used to 
recover marginal data during a Read operation and must not be used when writing. Offsetting 
is accomplished by injecting a small amount of current into the main servo summing junction as 


shown on the SVA schematic (Appendix C). 
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Figure 4-26. Servo Offset Signals 
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4.5.8 DATA ELECTRONICS BOARD (DEB) 


4.5.8.1 Introduction. The Data Electronics board contains the circuitry for processing |/O 
data to and from the external Controller on separate Read and Write channels and provides the 
necessary Write Protect logic to ensure that data is neither improperly written nor erased. A block 
diagram of the DEB showing signal paths and circuit components is shown in Figure 4-27. Refer to 


the schematic of the Data Electronics board (Appendix C) when following the circuit analysis. 


4.5.8.2 Disc/Head Selection. The four cable assemblies from the Read/Write heads plug into 
receptacles mounted on this circuit board. The diodes shown next to the connectors on the 
schematic are selection diodes. The head activated is selected by decoding the HD SEL and DISC 
SEL inputs from the Controller. Jumpers are included to provide customer options. The NAND 
gates at the output of the decoder circuit are drivers used to ground the center point of the 


selected head. A logic diagram illustrating the decoding circuit is shown in Figure 4-28. 


4.5.8.3 Read Operation. In a Read operation, the sinusoidal output from the selected head 
coils is passed through an isolation transformer and then amplified. Diodes provide overload 
protection for the Read amplifier. Correct termination of the Read/Write coils is provided by an 
RC termination network. The output of the Read Amplifier is passed through a low-pass filter 
for noise suppression and is differentiated. The output of the differentiator then is shaped in a 
two stage limiter, which delivers square-wave pulses. The limiter outputs, READ DATA 1 and 
READ DATA 2, are sent to the Data Interface Board for further processing including separation 
of data and clock pulses. A simplified logic diagram of the Read/Write amplifier is shown in 


Figure 4-29, (Refer to figure 3-8 for a timing diagram showing data transfer characteristics.) 


4.5.8.4 Write Operation. The Write data is received from the external Controller on the 
WRITE DATA line. It is first processed by circuitry on the Data Interface Board then sent to 

the Write circuits on the Data Electronics Board (DEB). The WRITE DATA signal toggles the 
Write flip-flop; the true or false outputs of which, are routed to the two Write current drivers. 
The WRITE flip-flop is enabled or disabled by WRITE signal. Other ways the Write Operation can 


be inhibited are when any of the following conditions exist: 


4-43 


bry. 


ae | HEAD SEL. 
‘DATA | 
BOARD DISC SEL 
224) | ‘WRITE eee HEAD/DISC 
‘DATA ‘DATA X' WRITE SELECTION 
‘INTERFACE: > ‘CURRENT: ‘DECODER | 
‘BOARD | ‘DRIVERS | 
| ‘READ BATA 1 ce 
a 12 
ee mas PA . 
| READ DATA 2 IFILTER: 
‘DATA | 
INTERFACE: est 
‘BOARD dhe IMULTIPLE 
WRITE: HEAD 
= SELECT 
ERASE: 
7 WrITECHECKX] 
= te) : 
‘BOARD, (WRITE CURRENT SWITCHING) 7 a 
| ‘SP DET. ) > 
| ‘DC LOSS 


_R DISC WRT PROT SW’ 


} | WRT 
: . . id 
ocr { F DISC WRT PROT SW ) > ; 


Figure 4-27. Block Diagram of Data Electronics Board 
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A. The fixed disc PROT FIXED switch on the OCP is depressed and the fixed disc 
is selected. 

B. ' The removable cartridge PROT CART switch is depressed and the removable 
disc is selected. 

C. The SP DETEC input from the Disc Control Board (DCB) is high and/or two or 
more Read/Write heads are selected simultaneously. 


Conditions A, B, or C, in any combination, 


can occur simultaneously. 


If none of the inhibiting conditions exist, the Write Operation will be enabled. The Write flip-flop 
will change state for every Write data pulse and will supply base drive to one of the two transistors. 
Whichever transistor is gated on will deliver Write current into the write transformer. Output 
voltage from the transformer causes one of the two diodes to be forward biased, and Write current 
flows into the selected head. A timing diagram showing the relative waveshapes of Read and Write 


data is shown in Figure 4-30. 
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Figure 4-30. Read and Write Signals — Relative Timing 
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4.5.8.5 Erasing. Drive current for the erase coil is supplied by the Erase Driver which is gated 
on by an AND gate in the ERASE input line. The erase coil is energized automatically during a Write 
operation. The output of the gate turns on a transistor whose output is routed to, and activates, 

the erase windings on the Read/Write heads. The erase gap on each side of the data track is used to 


erase both edges of the written track to improve reliability of the written data as shown in Figure 
4-31. 
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Figure 4-31. Edge Erasing 
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4.5.8.6 Write Current Switching. During a Write operation, the current to the write coil in 

the Read/Write head is increased as the most significant output line from the Current Address 
Counter (CAR) goes high. This will be the AD256 line on 200 TPI Disc Drives or AD128 on 

100 TPI units. Specifically, tracks 0 through 255 (127) are written with a higher current (approx- 
imately 35 milliamperes) than tracks 256 through 408 (128 through 204). The Write current on 
these tracks is decreased to approximately 30 milliamperes. Since recording density increases in 
proportion to the track number, improved bit resolution is obtained if the inside tracks are 

written with a lower level of Write current. The process is performed in the following manner: 

the most significant bit of the new cylinder address is routed to the Servo Amplifier Board 

(SVA) from the Servo Logic Board (SLB). This signal goes high when the head changes from 

track 255 to track 256 (127 to 128). As a result, when signal AD256 (AD128) goes high, less Write 
current is caused to flow into the emitters of the two Write amplifiers, and the remainder is shunted 


to ground. The Write current potentiometer is used to preset the Write current level. 


Conversely, when the head position changes from track 256 to 255 (128 to 127), the output of 
the NAND gate goes high. Thus, the Write amplifier current drivers are switched back to the higher 


current level. 


4.5.8.7 Write Protection. If writing is conditionally inhibited because of a spindle speed 
deviation of more than 1% or because of multiple head selection, a corresponding status signal, 
WRITE CHECK, is transmitted to the Controller. The internal signal, WRT CHK X is developed at 
the output of the inverter. If writing is unconditionally inhibited by means of the PROT CART or 
PROT FIXED control switches, a corresponding status signal, WRITE PROT is transmitted to the 
external Controller. The internal signal for this function is designated WRT PROT. 


4.5.9 CONTROL INTERFACE BOARD (CIB) 
4.5.9.1 Introduction. The Control Interface Board provides a means for transferring separated 


index and sector pulses to the external Controller. It also contains circuitry for controlling the 


signals described in the following paragraphs. 
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4.5.9.2 Seek Complete. The DETENT MODE signal, generated on the Servo Amplifier Board 
(SVA) when the fine servo loop is activated, is routed to the CIB and starts the Seek Complete 
Delay 5-millisecond timer. Before the low-high transition of the Detent Enable (DET EN) pulse, 
the clear terminal of the Seek Complete flip-flop was held low. Therefore, the SEEK COMP output 
is low until the timeout period expires and the flip-flop is set (assuming jumper connections M to 

L and KK to MM). When signal DET EN is high, the clear and data terminals of the Seek Complete 
flip-flop are high. This flip-flop now can be triggered by an output from the ADD ACK Delay and 
Pulse width flip-flops, in which case, the SEEK COMP line will go high. The negative input terminal 
to the SKC Delay one-shot receives triggers from the PSPEUDO SECTOR 2000 line at approximately 
20-microsecond intervals (depending on spindle rotational speed). This 5-millisecond one-shot will 
start timing at power turn-on; however, it can not time out since it is successively retriggered. When 
the DETENT MODE signal inhibits these trigger pulses, the timeout period starts, and the Seek 
Complete flip-flop is set after 5 milliseconds allowing the heads time to settle over the addressed 
recording track. 


As the carriage moves forward and detent pulses are developed, the DETENT MODE signal will be 
low. After the last detent pulse has been detected and the positioner has settled, signal DETENT 
MODE will go high. The timer will generate a 5-millisecond pulse after the low-high transition of 
the DETENT MODE signal; and at the trailing edge of the pulse from the SKC Delay one-shot, the 
Seek Complete flip-flop is set. The SEEK COMP line will remain high until aSEEK STROBE 


Command is received from the Controller. 


4.5.9.3 Ready Signal. When the Seek Complete flip-flop is toggled and its true output terminal 
goes high, this signal is routed to a NAND gate to remove the clock input to the Ready flip-flop. 
This gate is enabled by the Removable Cartridge Index pulse (RIDX) from the Disc Control Board 
(DCB) and before the Seek Complete flip-flop is set; thus, the Ready flip-flop will set with the 
RDY 1 signal from the DCB. The false output is inverted and causes the READY status signal to 

be transmitted to the Controller. At the same time, the Ready Light (RDY L) line goes high, and 
this signal lights the READY indicator on the OCP. The READY line will go low if: 


A. The RDY 1 input from the DCB goes low, or: 
B. A fault condition exists causing loss of operating voltage. 


Figure 4-32 is a timing diagram of the events required to generate the READY status signal. 
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Figure 4-32. Events to Produce READY Signal 
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4.5.9.4 Seek Strobe. The SEEK STROBE command from the Controller is applied to a three- 
input AND gate on the Control Interface Board (CIB). One of the other two inputs is the output 
of the Ready flip-flop, so the Disc Drive must be ready to receive inputs before this gate is enabled. 
The third possible input is the LOAD/UNLOAD pulse from the Servo Logic Board (SLB) which 

is generated during a LOAD or RESTORE Command cycle. Note that jumper provisions are pro- 
vided for the LOAD/UNLOAD signal as described in the table on the CIB schematic (Appendix C). 
When no fault conditions are present, the SEEK (SK) output will go high during a Seek strobe. The 
output of this gate also starts the Seek Incomplete timer as described in paragraph 4.5.9.5. A block 
diagram showing control signal paths in the CIB is presented in Figure 4-33. 


4.5.9.5 Seek Incomplete. The leading edge of the SEEK pulse triggers the 400-millisecond 
Seek Incomplete timer, which is connected to the clock input of the Seek Incomplete flip-flop, and 
the timer is started by the high-low transition. If the Seek Incomplete timer times out before the 
Seek Complete flip-flop is set by the DETENT MODE input, the Seek Incomplete flip-flop will be 
set and the SEEK INCOMP line will go high. This status signal is transmitted to the Controller to 
indicate an incompleted Seek operation. Since the maximum time to access the innermost track is 
approximately 90 milliseconds, the Seek Complete flip-flop normally will be set, and the Seek 
Incomplete timer will not finish its timeout period. 


4.5.9.6 Return To Zero. When the Seek Incomplete flip-flop is set, the output of the flip-flop 
is ORed with numerous signals. The output of the OR gate fires the RTZ one-shot whose positive- 
going output sends a pulse to the Disc Control! Board (DCB) on the RETURN ZERO line. There, 
the RTZ signal is developed, and the retraction of the carriage is initiated. 


4.5.9.7 Restore Operation. When the CL RESTORE pulse enters the Control Interface Board 
(CIB), it is applied to a three-input AND gate. One of the other inputs is the output of the Ready 
flip-flop, so the Disc Drive must be Ready to implement commands from the Controller before this 
gate is enabled. The third input is comprised of many variable signals but must be high at this time. 
The leading edge of the positive-going pulse at the output of this gate fires the 2-millisecond RTZ 
one-shot. The low-high output of the one-shot then is transmitted to the DCB on the RETURN 
ZERO line. A timing diagram of the Restore operation is shown in Figure 4-34. 
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Figure 4-33. Block Diagram — Control Interface Board (CIB) Control Logic Circuits 


4-52 


WAN-0071 


RESTORE a iia Caer 


ADD STROBE 
——e 


ADD ACKNOW. eee eee a ee 


——>| Jus [-~—— 


SEEK COMPLETE | 
l r [HEADS POSITIONED OVER CYL "0" 


Figure 4-34. Restore Operation Timing Diagram 


4.5.9.8 Illegal Address/Acknowledge Address. The ILL ADD input is received from the SLB 
(refer to paragraph 4.5.6.2) and makes the Data input of the Illegal Address flip-flop go high. The 
trailing edge of the DLY SK pulse clock-sets the flip-flop, and the ILL ADD line goes high. A 
jumper pad is included to provide customer-designated options. 


If the cylinder address is legal (406 or 408 — 200 TPI) (202 or 203 — 100 TPI), the Seek operation 
will begin at the DLY SK event, and the Address Acknowledge (ADD ACK) signal will go high. 
This status line will then be transmitted to the Controller. Note that either the |LL ADD or ADD 
ACK signal will be high, since these outputs constitute the Q and O outputs of the Illegal Address 
flip-flop respectively. The setting of this flip-flop is a function of the DLY SK pulse (described in 
paragraph 4.5.9.9). 


4.5.9.9 Delay Seek. The trailing edge of the DLY SK pulse strobes the cylinder address into 
the New Address Register (NAR). At the same time, the 2-microsecond (or 27-microsecond, 
depending on customer options) Address Acknowledge Delay one-shot is triggered. The low-high 
pulse from the one-shot fires the Address Acknowledge Pulse Width 5-microsecond one-shot. The 
delay period is required to allow for checking for an illegal address and performance of associated 
internal timing functions. The output of the Address Acknowledge one-shot is a narrow negative- 


going pulse. 
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Since the ILL ADD input from the Servo Logic Board (SLB) is low, the Illegal Address flip-flop will 
not be set by the trailing edge of the SK DLY pulse, and the output of the O terminal will be high. 
The pulse from the Address Acknowledge Pulse Width one-shot then is sent to the Controller as a 
status signal that the Seek operation has begun. 


4.5.9.10 Index/Sector Pulse Separation. The removable Index (R 1DX), removable Sector (RSTR), 
Fixed Index (FIDX), and Fixed Restore (FSTR) inputs are generated on the Disc Control Board 
(DCB) as described in the circuit analysis of the DCB. Note that the RIDX signal also is routed to 

the Ready logic circuit to generate the READY signal. The two Index counter circuits are identical 
with the input index and sector pulses inasmuch as they are routed to a series of counters through an 
AND gate. The output of the counters is routed through two multiplexer circuits, and these outputs 
are routed to the Controller. Thus, the Controller is made aware of what sector is passing under the 
Read/Write head at any time. Note that jumper options are included in the output lines to accom- 
modate customer requirements. | 


4.5.10 DATA INTERFACE BOARD (VFO) 


4.5.10.1 Introduction. The Data Interface board supplies double frequency-encoded Write data 
from the external Controller to the DEB. Other signals pass through this board coming from, or 
going to, the Controller. In addition, the conversion of NRZ-coded data to double frequency- 
encoded format for writing on the disc, or from double frequency-encoded data back to the original 
NRZ format after it is read from the disc is accomplished on this board. This function is performed 
by the Variable Frequency Oscillator (VFO); the block diagram of which is shown in Figure 4-35. 


4.5.10.2 Edge Discriminator Operation. At the point where the Read data first enters the DIB, 
it is essentially a square-wave input. The first stage of the bidirectional one-shot (shown as the edge 
discriminator in figure 4-35) is a differential amplifier which is used as a limiter. The second portion 
is used to form pulses on each edge of the input pulse as shown in Figure 4-36. Thus, a pulse is 
generated for each flux reversal that was recorded on the disc during a previous Write operation. In 
effect, the output from the edge discriminator is representative of the double frequency-encoded 
data written on the disc. The first clock pulse received from the edge discriminator after the first 
gating flip-flop, RD SYNC A, is enabled by the internal RD EN GATE signal. The second clock 
pulse then sets the second gating flip-flop RD SYNC B. The width of the output pulses from the 
edge discriminator is 150 to 160 nanoseconds for a 1500 rpm Disc Drive, 100 to 110 nanoseconds 
for a 2400 rpm Disc Drive. | 
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Figure 4-35. Block Diagram of Variable Frequency Oscillator (VFO) 
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Figure 4-36. Output of Double-Edge Discriminator 


4.5.10.3 Variable Frequency Oscillator Operation. Signals RD DAT 1 and RD DAT 2 from the 
Data Electronics Board (DEB) are applied to the edge discriminator in order to form the pulse 
characteristics (ref. figure 4-29). The output pulse of this unit will have the desired pulse width due 
to the external RC timing network. The value of the components comprising this network will be 
determined by the bit cell time. The output of the bidirectional one-shot constitutes raw data (clock 
signal intermixed with data) which will be used as the clock term for the RD SYNC A and RD 
SYNC B flip-flops. 


During Standby or Write operations, the output of the local oscillator is ANDed with the RD SYNC 
B flip-flop Q output to provide a reference frequency to the phase detector. This input will be 
compared to the phase lock loop made up of the voltage-controlled oscillator and frequency-divider 


circuit. Any phase difference will generate a correction voltage to the VCO. 


When the RD EN GATE signal goes true, the enabling RD SYNC A flip-flop will be set on the next 
pulse from the bidirectional one-shot. The Q output of the RD SYNC A flip-flop will start the data 
one lock-out which will determine the setting of data sync until the second pulse out of the bi- 
directional one-shot after Read Enable. This delay also provides time for the first pulse from the 
bidirectional one-shot to set up the voltage-controlled oscillator output referenced to the Alpha 


clock. 
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With the second pulse from the bidirectional one-shot, the Data Sync B flip-flop output will be 
ANDed with the Alpha clock for the second input to the phase detector. If a phase difference exists 
between the two inputs to the phase detector, a correction voltage is sent to the voltage-controlled 
oscillator. The output of the VCO will increase or decrease due to this correction voltage. The 
output of the VCO is inverted and used as the clock term for the VCO frequency divider. The false 
output of the frequency divider network is ANDed with that of the VCO, and this term is used to 
provide a clock input for the RD DATA A and RD DATA B flip-flops. 


The true output of the RD DATA B flip-flop supplies data in NRZ format to the Controller when 
this option is selected. If DF (pulse) format is selected, the true output of the RD DATA B flip- 
flop is ANDed with the Alpha clock, and double frequency-encoded data is sent to the Controller 
via the E1B and IOB logic circuits. As shown in Figure 4-37, aclock pulse initiates the writing or 
reading of each bit cell. If a digital ‘’1’’ is to be recorded, a second pulse will occur in the center of 
the bit cell and a flux reversal will occur. If a digital ‘0’ is to be recorded, no pulse will occur during 
the bit cell time, and no flux reversal will occur until the clock pulse that initiates the next bit cell 


period. 
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Figure 4-37. Double Frequency-Modulated Waveshape 
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4.5.10.4 | Read Operation Complete. When the Read operation has been completed, the Con- 
troller notifies the Disc Drive. The RD EN GATE line drops thus inhibiting further reading from 
the disc. At this time, the output of the free-running oscillator again will become the reference 
frequency for the phase detector. 


4.5.11 SPINDLE DRIVE REGULATOR BOARD 


This board, which is located in the plenum chamber next to the Motor Power Drive Power Switch 
Board, is a current source that provides constant motor current. Two transistors are conducting at 
all times when power is applied. The other two transistors conduct in proportion to the operational 
requirements of the Disc Drive to provide a constant current output. 


There are two outputs, Ig and +5V. The +5-volt 
output of a series regulator on this board pro- 
vides the operating voltage for the TTL logic in 
the spindle drive and associated control circuits. 


4.5.12 MOTOR DRIVE POWER SWITCH BOARD 


4,5.12.1 Introduction. The Motor Drive Power Switch Board operates in conjunction with the 


commutator board to supply drive current to the spindle motor. 


4,5.12.2 Board Operation. Refer to the schematic of the Commutator board in Appendix B 


when following the circuit analysis of spindle drive motor control. 


The three CELL outputs from the Commutator Board are applied to the Motor Drive Power Switch 
Board at pins 4, 5, and 6 on J36. These inputs are routed to an auxilliary output which is required 
on some Disc Drives. These three signals are applied to a multiplexer. 


When the Disc Drive is in Run mode, the inputs are coupled directly through the multiplexer, as 
shown in Figure 4-38; that is, from input pin 2 to output pin 4, from pin 5 to pin 7, and from pin 
14 to pin 12. The three outputs from the multiplexer are then decoded in the decoder. Thus, one 
of the three motor phases is turned on according to which of the three CELL inputs is high, and 

the motor rotates. When the Disc Drive is operating in Brake mode, the three CELL inputs are 
decoded so that they are slightly out of phase with the motor phase requirements. Thus, the current 


inputs tend to brake the spindle motor. 
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Figure 4-38. Simplified Diagram of Brushless Motor Circuit 
4.5.13 COMMUTATOR BOARD 


The Commutator board is secured to the rear of the spindle drive motor assembly. The motor shaft 
protrudes through the hole in the center of the board. Three interruptor switches are mounted on 
the commutator board. Each interruptor switch consists of a Light Emitting Diode (LED) on one 
side and a photo transistor on the other as shown on the schematic of the circuit board (Appendix 
C). A shutter is attached to the shaft of the spindle motor and rotates with it. As the shutter 
successively cuts off the light flow to two of the interruptor switches and allows the third switch 

to conduct, the three output lines labeled CELL 1, CELL 2, and CELL 3 are activated in turn. 

The output of the activated switch is routed through a comparator circuit to the Motor Drive Power 
Switch Board through connector P36 and turns on the applicable power phase. 


Table 4-1 is an aid to troubleshooting the spindle drive motor. For example, if input lines CELL 1 


and CELL 2 are high (cells seeing light while CELL. 3 line remains inactive), the decoder will cause 
the No. 3 input to the three-phase motor to be low and lines 1 and 2 to be high (ref. figure 4-38). 
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TABLE 4-1. Normal Run Switching Sequence 


Cell High Decoder Motor Leads 
Seeing Light _ In Out (low) + _ 


1 (Pin 2) 
3 (Pin 4) 
180° 2 (Pin 3) 


Mechanical 6 (Pin 7) 
Rotation 4 (Pin 5) 
5 (Pin 6) 


4.5.14 | EMERGENCY RETRACT BOARD 


The Emergency Retract Circuit board is used to retract the carriage automatically in event of 
abnormal conditions. The schematic of this circuit board (Appendix C) shows the location of com- 
ponents on the board. During normal operation, the relay is energized, and the output of the FWD 
or REV Drive on the Servo Amplifier Board (SVA) is connected to the DC positioner motor via 
the LINEAR MOTOR HOT line. The components shown in the lower portion of the schematic 
comprise two power supply circuits used to supply a+15 VDC output from the —18V. and +18V. 
inputs. A zener diode and capacitor in each circuit perform the rectifying, regulating, and filtering 
functions, The —18V. power supply circuit is used to supply a working voltage to the operational 
amplifier shown at the left hand side of the schematic. The +18V. input also is routed through the 
relay contacts to the emitter of the FWD Driver transistor on the SVA board. 


When the Disc Drive enters the Emergency Retract mode, the relay drops. The +18V. line is dis- 
connected and the FWD driver transistor is cut off. The inputs from the linear velocity transducer 
(jumpered on the EIB to connector J34 of the Emergency Retract Board) are amplified by the 
operational amplifier, and the positioner retracts the carriage with the rate of retraction accelerating 
to approximately 10 fps. At this time, the current from the transducer is summed with the reference 
voltage from the —15V. source dropped through the 1.5-megohm resistor, and the rate of backward 
movement is constant. When the carriage is fully retracted, the positioner retracting mechanism hits 
Home switch $8 and opens the switch. The transistor continues to conduct but is disconnected. | 
Since the system loses its operating voltage, the positioner remains inoperative and in fully retracted 


position. 
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SECTION 5 
MAINTENANCE 
5.1 INTRODUCTION 


The WANGCO Series F and Series T Magnetic Disc Drives have been designed for exceptional 
serviceability. The clean, functional layout and interconnection of major assemblies, subassemblies, 
and associated components afford superior accessibility, and simplify preventive maintenance, 
replacement, and adjustment procedures. Advanced electronic and mechanical design and con- 
servative component rating contribute to the high performance and reliability featured in 

these units. | 


Field servicing of the WANGCO Disc Drive will, in most instances, be confined to infrequent 
preventive maintenance measures and routine performance verification. Should replacement of a 
part of an assembly be required, removal and reinstallation of the respective item will! present no 
difficulties because of the modular construction and good accessibility. 


Alignment procedures are straightforward, and adjustment and test points are within easy reach 
when the top cover has been removed. Certain replacement procedures necessitate access to the 
bottom area of the Disc Drive. Since in most cases the chassis will be mounted on slides, such 
access is easily accomplished by pulling the unit out of the cabinet as far as required. The internal 
flexible 1/O signal cable, which interconnects the stationary 1/O connector panel to the slideable 
unit, allows the Disc Drive to be on-line even when the unit is partially removed from its 


mounting rack. 
5.2 SCOPE OF MAINTENANCE 


Servicing of the Series F and Series T Disc Drives can be broadly divided into preventive and 
corrective maintenance. The service work intended to preclude certain malfunctions is of a 


minor, periodic nature and is summarized in Table 5-1. 


Corrective maintenance concerns itself mainly with service on the assembly level. That is, it 
will consist of the substitution, after appropriate diagnosis, of integral subassemblies such as 
plug-in boards, Read/Write heads, etc. It also will include follow-up calibration or adjustment 


where required. 
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In regard to individual (and possibly critical) parts, it is recommended that such work be done 
only after a careful study of the appropriate circuit description in Section 4. This theory study 
should be observed in conjunction with consultation with one of the factory field engineers in 


order to guarantee the continued integrity of the Disc Drive. 


Problem diagnosis can be performed on-line and will be limited only be diagnostic program 
capabilities. Off-line diagnosis may be accomplished with a field exerciser card with positioning 
capabilities but no data interfacing capabilities. A self-contained bench-type exerciser unit, 
available from WANGCO, Inc., provides comprehensive test and diagnostic capabilities. 


This section of the manual provides instructions for the removal and replacement of major 
assemblies and adjustment and calibration procedures that can be performed on-site. 


5.3 PREVENTIVE MAINTENANCE 
5.3.1 INTRODUCTION 


In Disc Drive installations, preventive maintenance is performed only at infrequent intervals, 
since all moving parts (including the recording medium) are normally enclosed, and are purged 
continuously by a clean-air system. However, some contamination of the system is inevitable, 
especially during changing of a removable cartridge. The cartridge itself is a potential source of 
some contamination unless it is maintained in a clean condition. 


6.3.2 PREVENTIVE MAINTENANCE SCHEDULE 


Note in Table 5-1 that 1 year of operation is equivalent to 2,000 operating hours based on a 
single-shift day. This schedule should be modified to shorter intervals if one of the following 


situations prevails: 


A. Operation in excess of normal on-time. 
B. Frequent cartridge exchange. 


C. Adverse environment. 
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ITEM 


Detent Output Signal 
Disc Cleaning Brushes 
Positioner Carriage 


Guide Rails 


Read/Write Heads 


Spindle Chuck and 
Cone 


Fixed Disc 


Air Filter: 
Prefilter 
Main Filter 


Blower Ground Brush 


Spindle Ground Brush 


Blower Drive Belt 


WHEN REPLACING O-RING BELTS, PRE- 
STRETCHING BY HAND MUST BE AVOIDED. 
WHEN STRETCHED, BELTS “SET” AND BE- 
COME LOOSE WHICH CAN AFFECT MACHINE 
PERFORMANCE AND SHORTEN BELT LIFE. 
INSTALL BELTS BY ROLLING THEM INTO 
PLACE WHILE SLOWLY ROTATING PULLEY. 


TABLE 5-1. Preventive Maintenance Schedule 


INTERVAL 


6 months 
6 months 
6 months 


6 months | 


6 months 


6 months 


OPERATION 


Check and verify that the signal conforms with 
the specifications outlined in paragraph 5.6.5.1 


Inspect condition (see figure 5-20). Replace 
brushes if necessary. 


Clean with alcohol-saturated swab. Remove all 
cotton residue. , 


Check retraction of positioner carriage. Inspect 
and if necessary clean as outlined in paragraph 
BSc. - 


Clean surfaces, using alcohol-moistened kim- 
wipes. Remove ferrous particles (if any) from 
chuck and magnet ring through application of 
masking tape. 


Clean with an alcohol-saturated swab through 


access hole at the front of the unit (see figure 5-1). 


Replace prefilter (see figure 5-16). 
Inspect main filter. 


Replace brush assembly. 


Replace brush assembly. 
Replace belt (see CAUTION below). 


_ WHEN REPLACING PC.BOARDS 


CHECK LABEL BEHIND FRONT 


FIGURATION. 
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_ WITH MINIATURE DIP SWITCHES, 


TRIM PANEL TO VERIFY PROPER 
SWITCH SETTING FOR THE CON- 


5.3.3 READ/WRITE HEAD INSPECTION AND CLEANING 


Because of the very small clearance between head and disc surfaces, it is imperative that the heads 
(as well as the disc) be kept clean. When in the flying altitude, the heads are separated from the 

disc surface by only a few microns; and because of the high disc speed, even small particles adhering 
to the heads may cause damage to the heads or to the disc surface. 


To inspect the head surfaces for accumulation of dust or oxide particles, remove the cartridge and 
illuminate the head area with a suitable light source. The upper heads may be viewed with the aid 


of a small dental-type mirror. 


DO NOT TOUCH THE HEAD SURFACE OR 
BRING THEM INTO CONTACT WITH ANY 
OBJECT OTHER THAN THE CLEANING 
APPLICATOR. 


To clean the head surfaces, wipe them with an alcohol-saturated swab. Use 91% isopropyl alcohol 
(IPA) only. Apply very light pressure to the head during this operation. The following cleaning 
aids should be used in cleaning the discs and R/W heads: 


A. Cleaning fluid: 91% isopropyl-alcohol (IPA) in solution with 9% distilled 
water. Do not use any other type of fluid. 
B. Applicator: Lint-free tissue or cotton swabs. 


5.3.4 FIXED DISC CLEANING 


To gain access to the fixed disc, snap out the trim panel at the front of the unit, and remove the 
two 4-40 screws securing the small access cover as shown in Figure 5-1. This cover is located above 
the air intake grate at the left-hand side of the center of the Disc Drive. Then lift out that cover. 


Unplug connector P15 located near the top of the Servo Amplifier Board. This will inhibit the 
servo system and prevent loading of the R/W heads. Install a “scratch” cartridge to obtain disc 
speed control. If a test hub is used, the cartridge interlock switch must be manually activated in 

the following manner. For Series F units, depress the button-type switch (protrudes from the base), 
and keep it depressed by placing masking tape over it. For Series T units, install a matchbook 

cover between the pack sensor and switch actuator. See Figure 5-2. 
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Figure 5-2. Cartridge Interlock Switch Actuation — Series T 
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Insert an alcohol-saturated cotton swab through the access hole in the front of the Disc Drive (ref. 
figure 5-1), and lightly move it across both the upper and lower surfaces of the disc. Repeat this 
operation, using a new swab each time, until the swab remains clean. Then secure the small panel 


over the access hole with the two 4-40 screws. 


USE CARE TO AVOID ANY CONTACT BE- 
TWEEN THE DISC AND THE SWAB STICK. 
MAKE SURE THAT NO COTTON RESIDUE 
IS LEFT WITHIN THE DISC DRIVE AFTER 
CLEANING. 


6.3.5 CARTRIDGE REMOVAL AND HANDLING 


Review the procedure for cartridge loading and removal in Section 3. Load only cartridges that 
are known to be without defects. Keep the cartridge housing as clean as possible. When the 
cartridge is not installed, its air and head entry doors should remain closed at all times. The cover 


of the top loading cartridge should remain in place. 
5.3.6 DISC DRIVE TOP COVER REMOVAL 


5.3.6.1 Introduction. When carrying out the preventive maintenance work, the top cover of 
the Disc Drive must be removed in order to gain access to the various assemblies. The removal of 


this cover differs some what in the Series F and Series T Disc Drives. 


5.3.6.2 Series F. To make the top cover fully accessible, open the loading door and pull the 
unit out of the cabinet. Refer to paragraph 5.4.1.1 for the procedures for releasing the door- 


locking mechanisms. 


Remove the six screws on the top surface of the cover. Remove the three screws along the front 
lip of the cover. These screws secure this part of the cover to the filler panel between the end caps. 


The top cover can now be lifted off the Disc Drive. 


5.4 CORRECTIVE MAINTENANCE 


_ In this part of Section 5, the Series F and Series T Disc Drives are illustrated and described with 
emphasis on assembly configuration and location. The main mechanical differences between the 
two series of drives are identified. Procedures for the removal and replacement of assemblies and 


related components, and adjustment and calibration procedures, are presented. 
5.4.1 GENERAL DESCRIPTION 


The majority of assemblies and components in the Series F and Series T Disc Drives are inter- 
changeable; the units differ essentially only in the cartridge-loading arrangement and the related 
electro-mechanical parts. The Series F Disc Drive incorporates a cartridge receiver that is mech- 
anically coupled to the loading door at the front of the unit. The Series T unit requires no receiver 
since the cartridge is simply inserted at the top of the unit. These mechanical differences are 


apparent in the photographic views of the two units in Figures 5-3 and 5-4. 


Note in Figure 5-3 that only the Series F Disc Drive has a Differentiator Board. Assemblies and 
components accessible from the bottom of the Disc Drive are mounted identically on both the 
Series F and Series T. Figure 5-5 shows these components and assemblies with the major com- 


ponents and assemblies identified. 


Figure 5-6 isa simplified front view of the Series F Disc Drive. It identifies those components that 
either are not visible on the preceding figures or are contained only in the Series F. Figure 5-7 


is a similar simplified front view of the Series T Disc Drive. 


5.4.1.1 Front Door and Cabinet Lock, Series F. The locking mechanism on the Series F Disc 


Drive locks the loading door, and also the cartridge receiver, in place when conditions are unsafe 
for cartridge removal or loading. This locking device also is activated in the event of power failure 


as explained in the discussion of this feature in Section 4. 


The locking mechanism is partially illustrated in Figure 5-6. The locking action is implemented by 
a locking solenoid mounted on the side of the loading door. The solenoid plunger carries a latch 
that engages a pawl when the solenoid is de-energized. The pawl is mounted on a rotatable plate 
which is connected to the door and cartridge receiver assemblies. When energized, the solenoid 
latch disengages the pawl, and the plate is free to rotate forward. This allows the cartridge loading 
door to be pulled open and down. Mechanical connections simultaneously elevate the cartridge 


receiver and move it forward. 
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Figure 5-3. Series F (Front Loader) With Cover Removed 
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Figure 5-4. Series T (Top Loader) with Cover Removed 
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Figure 5-5. Series F and Series T Disc Drives, Assembly Identification — Bottom View 
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Figure 5-6. Series F Disc Drive — Simplified Front View 
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Figure 5-7. Series T Disc Drive — Simplified Front View 
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The Disc Drive is locked into the cabinet by mechanical means. Opening the cartridge loading door 
will not release the unit from the cabinet. Two additional latches, one on each side of the door 
assembly, lock over pins On the stationary slide if the door is closed. To release these latches from 
their locking pins, they must be tripped manually; a slot is provided in each latch for this purpose. 
The painted front trim panel must be snapped out to gain access to the front part of the latch. 


The latch is depressed, and thus released, by applying a downward force on the slot in the latch. 


5.4.1.2 Front Door and Cabinet Lock, Series T. The Series T Disc Drive incorporates a locking 
mechanism similar to the Series F Disc Drive. Since the Series T unit contains no receiver, the 
locking action involves only the door assembly and the cabinet slides. 


The latching mechanism is partially illustrated in Figure 5-7. When the door is closed and the Load 
mode is not established, the solenoid plungers engage pins mounted to the door assembly. Simul- 
taneously with closure of the door, the latches slide over and engage the slide-mounted locking 
pins which lock the Disc Drive into the cabinet. Then the unit can not be pulled out of the 
cabinet until the solenoids are energized (releasing the pins on the door assembly). 


5.4.1.3 Test Equipment. Test equipment and tools used in maintenance of the Disc Drive are 
listed in Table 5-2. The following equipment is required for use in alignment or calibration pro- 
cedures and in diagnostic routines. 


A. Oscilloscope 
~ B.. Current Probe 
C. Digital Voltmeter (suggested) 
D. Volt-Ohmmeter 
E. Bench Exerciser (suggested) 
5.4.2 REMOVAL AND REPLACEMENT OF MAJOR ASSEMBLIES 
5.4.2.1 Introduction, In the following paragraphs, the procedures for removal of major 


assemblies for servicing or exchange are outlined in detail. The chart in Figure 5-8 summarizes 
the operations and their sequence. This chart indicates that where the disc is involved, the 
removal operations preceding the disc removal cliffer somewhat between the Series F and Series T 


Disc Drives. 
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5.4.2.3 
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SERIES T: 
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DISCONNECT SWITCH PLATE 
REMOVE END CAPS 

REMOVE GUIDES AND SHROUD 
REMOVE C.!. SWITCH ACTUATOR 
REMOVE FIXED DISC COVER 
FIXED DISC EXPOSED 
5.4.2.7 


SERIES F: 
REMOVE TRIM PANEL 
DISCONNECT SWITCH PLATE 
REMOVE END CAPS/TOP PANEL 
REMOVE FIXED DISC COVER 
FIXED DISC EXPOSED 

5.4.2.8 


DISC BRUSH MOTOR FIXED DISC 


5.4.2.14 


REMOVAL DISC BRUSH MOTOR 


5.4.2.9 


5.4.2.14 


SPINDLE ASSEMBLY 
REMOVAL 
5.4.2.11 


DISC DRIVE 
REASSEMBLY 
5.4.2.15 


THERMISTOR ASSY 
(200 TP! ONLY) 
5.4.2.10 


OPERATION OF THE DISC DRIVE FIXED DISC SPINDLE ASSEMBLY 
WITH FILTER REMOVED MAY RE- SECTOR RING REPLACEMENT 
SULT IN DAMAGE TO, AND NECES- 5.4.2.12 §.4.2.13 


SITATE REPLACEMENT OF, THE 
BLOWER DRIVE BELT. 


Figure 5-8. Removal/Replacement Guide — Major Assemblies 
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TABLE 5-2. Standard and Special Accessories and Service Aids (continued) 


Allen wrench, 1/16 in. 
Allen wrench, 3/32 in. 


Crescent wrench, adjustable, 4 in. 


Screwdriver Set 


Screwdriver, potentiometer alignment 


Description 


XceLite 


Walpo Electronics 


Manufacturer 


Handi Hex Key 
Handi Hex Key 
Claude Michael 


AC14 
TS88 
2525 


Screwdriver, torque Utica Tool TS30 
Screwdriver, ball point, 5/32 in. Bondhus BS-5/32 
Screwdriver, ball point, 3/16 in. Bondhus BS-3/16 
Oscilloscope, dual-trace Tektronix 453 (or equiv.) . 
Probe, (X10) Tektronix P6065A | 
Probe (X1) Tektronix — P6011 

Probe, current Tektronix P6021 (or equiv.) 
Viewing Hood Tektronix 016-0180-00 
Digital Voltmeter (suggested) Digitic 2202 (or equiv.) 
VOM Triplett 800 (or equiv.) 
Cable Extractor 3M 3438 

IC Extender, 14-pin (suggested) A.P., Inc. TC14 

IC Extender, 16-pin (suggested) A.P., Inc. TC16 

Disc Exerciser, Bench-type (suggested) WANGCO ~ | 300303 

Torque wrench, head alignment: WANGCO T00425 

Filler Panel, 1 in., Top Load (fills gap above ‘’T’ in cabinet), XX=paint color |WANGCO 300905-1XX 
Shipping bracket, left (used if customer does not want cabinet slides) WANGCO 300608-001 


Shipping bracket, right (used if customer does not want cabinet slides) WANGCO 300608-002 


91S 


Test Hub, Front Load (service aid), XX = no. of sectors 

Test Hub, Top Load (service aid), XX = no. of sectors 

Cartridge, Front Load, 2200 BPI with .020-in. sector slots, XX = no. of sectors 
Cartridge, Top Load, 2200 BPI with .020-in. sector slots, XX = no. of sectors 
C.E. Alignment Cartridge, Front Load, 2200 BPI Tri-Bit Type 

| C.E. Alignment Cartridge, Top Load, 2200 BP! Tri-Bit Type 

IC.E. Alignment Cartridge, Front-Load, Cat-Eye Type (customer request only) 
C.E. Alignment Cartridge, Top Load, (not for 4400 BP!) 


TABLE 5-2. Standard and Special Accessories and Service Aids (continued) 


Description 


PWB Extender Board (service aid) 


SVA PWB Extender Cable (service aid) 
Head Extender Cable (adapter for testing Write current) 


Head Extender Cable 


Daisy Chain Cable (standard twisted pair), XXX = length in inches 

Daisy Chain Cable Kit (flat 3M cable), XXX = length in inches 

1/O Adapter (part of Daisy Chain Cable Kit), J22 standard to 3M cable 

\/O Adapter (part of Daisy Chain Cable Kit), J23 standard to 3M cable 

Cable. flat, 50 conductor (part of Daisy Chain Cable Kit), XXX = length in inches 
Cable, Interface, Front Load, W to D-30 — Male, XXX = length in inches 


‘| DEB PWB Extender Board (service aid) 
PRB PWB Extender Board (service aid) 


Power Supply Extender Cable (service aid) 


Cable, Interface, W to Caelus 


WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 


WANGCO 
WANGCO 
WANGCO 
WANGCO 
WANGCO 


~ WANGCO 


WANGCO 
WANGCO 


WANGCO 


WANGCO 


101179-OXX 
101180-0XX 
100442-0XX 
100443-0XX 


301488-001 
301488-002 
300805-001 
300807-001 
300034-001 
300145-001 
300403-001 
300985-001 
300985-002 
300789-001 
101183-001 
300289 


orig For F¥ 

or 

wedils on 

Fe SVP ek 
TR Ss 


300118-XXX 
300917-XXX 


300915-001 


~ 300916-001 


300944-XXX 
300119-XXX 


300127-001 


L1G 


TABLE 5-2. Standard and Special Accessories and Service Aids (concluded) 


Cable, Interface, W to D-40, XXX = length in inches WANGCO 
Cable, Interface, W to Data General (Logicon), XXX = length in inches WANGCO 
Cable, Interface, W to D-30 — Special, XXX = length in inches WANGCO 


| Cable, Interface, W to D-30 cl Female WANGCO 
Field Exerciser Board (suggested) | WANGCO 


300377-XXX . 
300423-XXX 
300566-XXX 


300795-001 


Available upon 
request 


5.4.2.2 Top Cover Replacement. In the procedures outlined in the removal and alignment 


paragraphs, it is assumed that the unit has been shut down and disconnected from the AC power 


source. If rack-mounted, the Disc Drive will have been pulled out of the rack on its slides. The 


cartridge will have been removed, as well as the top cover. The removal of the top cover differs 


in the two series of Disc Drives as described in paragraph 5.3.6. To reinstall the top cover on the 


Series F disc drive, insert all six screws loosely to permit slight shifting of the cover for hole 


alignment. Then tighten each of the six screws evenly. 


TO PREVENT DAMAGE TO THE TOP COVER 
ON THE SERIES T DISC DRIVE, THE FOL- 
LOWING HOLE ALIGNMENT PROCEDURE 
SHOULD BE FOLLOWED. 


To reinstall the top cover on the Series T Disc Drive, perform the following steps: 


A. 


Set the top cover in place, and insert the mounting screw in the access hole 
located toward the rear of the unit, as shown in Figure 5-9. 

Check alignment of the holes in the top cover over the threaded standoffs, and 
if all holes align, insert and tighten all four mounting screws. 

If all three front holes are not aligned with the threaded standoffs, loosen the 
two screws through the horizontal fuse mounting bracket on the power supply 
assembly (ref. figure 5-9). 

Shift the chassis slightly to align all three front access holes, then insert the 
three mounting screws. 

Tighten all four mounting screws and the two screws securing the horizontal 


fuse mounting bracket. 


5.4.2.3 Power Supply Removal and Replacement. To remove the power supply, refer to 


Figure 5-10 and perform the following steps: 


A. 


Disconnect connectors P10, P18, P9, and P16 (on the end of the positioner 
harness). 
Remove the two %-20 screws that fasten the power supply to the top edge of 


the casting. 
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Figure 5-9. Top Cover Hole Alignment 


C. Loosen the captive screw located at the base of the power supply. Access is 
through a hole in the bracket (near the fuse holders) at the top of the power 
supply. The power supply can now be lifted from the Disc Drive. 

D. To replace the power supply, apply silicon grease or casting, tighten the captive 
screw at the base of the power supply and install the two 4-20 screws to fasten 


the power supply to the top edge of the casting. 
Reconnect plugs P10, P18, P9, and P16. 
Apply power and perform the power supply check outlined in paragraph 5.6.2. 


5.4.2.4 Positioner Assembly Removal. To remove the positioner assembly, refer to Figure 
5-11 and perform the following steps: 


A. Install the shipping restraint shown in Figure 2-2. 

B. Disconnect connectors P14, P15, P16, P28, P30, and P24 through P27 (if leads 
are installed), and P24 on some models (if required). 

C. Remove the interconnect board cover on the bottom of the Disc Drive by re- 
moving the six 6-32 Phillips head screws. . 

D. Remove the three 10-32 cap screws used to fasten the positioner assembly to the 
casting. Access is from the bottorn of the unit through the three access holes in 


the Interconnect board. 
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Figure5-10 Power Supply Assembly 
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DO NOT REMOVE HEAD LOAD CAMS OR 
HEAD MOUNTING BLOCK IN THE FIELD 


FOR ANY REASON. 


E; 


DURING THE REMOVAL OF THE POSI- 
- TIONER, CONTACT BETWEEN THE CAR- 
RIAGE FRONT END STOP AND THE FIXED 


DISC MUST BE AVOIDED. DO NOT LIFT 
THE POSITIONER BY THE HEAD LOAD 
CAM OR THE VELOCITY TACHOMETER. 
FOLLOW THE PROCEDURE BELOW. 


Lift the positioner slowly off the casting while constantly observing clearance 


between the carriage end stop and the disc. Gradually slant the positioner rear 


end upward and lift it from the unit toward the rear. 


Two guide pins approximately 1/8-inch long 


protrude from the base of the positioner into 


the casting. 


5.4.2.5 Positioner Assembly Replacement. To replace the positioner assembly, perform the 


following steps: 


A. 


Follow the reverse order of the procedure in paragraph 5.4.2.4, Observe the same 


caution in regard to clearance as practiced during removal. 


After the positioner assembly has been completely installed, perform the 


following adjustments: 


1) 
2) 
3) 
4) 


SVA Adjustment (5.6.4) 
Run-To-Load Adjustment (5.6.5) 
Write Current Adjustment (5.6.6) 


Data Separator Adjustment . (5.6.7) 
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5) 
6) 
7) 


Head Alignment (5.6.8) 

Index Alignment (5.6.9) 
Temp. Comp. Check (200 TPI 
only) (5.6.10) 


5.4.2.6 Fixed Disc Removal (Preliminary Operations). The fixed disc should be removed 


prior to removal of the spindle assembly. 


[coca 


Data written on the fixed disc can not be re- 
covered when the disc is removed from the 
spindle because the sector identity will be lost. 
If such data is to be retained, it should be trans- 
ferred to a ‘scratch cartridge”’ prior to removal 
of the fixed disc. If the disc is to be reused, 
extreme care must be used to ensure that the 
disc remains clean and does not touch hard 


surfaces. 


5.4.2.7 Series T. The preliminary disassembly, leading to the exposure of the fixed disc, 
differs somewhat between the two series of Disc Drives. To remove the Series T fixed disc assem- 


bly, perform the following steps: 


Remove the colored trim panel‘on the front of the unit. 

B. Remove the four 6-32 flat-head screws retaining the operator’s control switch 
plate, but leave the switch plate in place. 

C. Remove the single 6-32 screw (facing upward) inside the vertical end caps on 
each side of the bottom of the unit. 

D. Remove the two 6-32 screws at the top of each end cap used to fasten each 
end cap mounting to the shroud. The end caps and upper mounting brackets 
now can be removed from the Disc Drive. 

E. Disconnect the guides by removing the last mounting screw (one of three). The 
guides will be connected only to the door which can now be opened only part 
way. 

F. Remove the shroud as follows: take off the three standoffs and the remaining 
screws around the perimeter of the shroud. Disconnect the solenoid wires at the 
mating plug and jack receptacles inside the shroud, and lift the shroud off the 


Disc Drive. 
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G. Remove the actuator for the cartridge interlock microswitch as follows: the 
vertical actuator, which engages the microswitch, is held in place by a retaining 
ring. Remove the retaining ring, and lift out the actuator through the top of the 
sheet metal strip. 

H. Remove the fixed disc cover as follows: this black sheet metal piece, which 
covers the fixed disc, extends down the front and wraps underneath the casting. 
Remove all screws and stand-offs around the perimeter of the cover, as well as 
the three 6-32 flat-head screws on the bottom of the cover. Unplug connector 
F12 for the cartridge motor transducer, and remove the cover. The fixed disc 


in the Series T Disc Drive is now exposed. 


5.4.2.8 Series F. Prior to removing the fixed disc assembly on the Series F Disc Drive, refer 


to Figure 5-12, and perform the following steps: 


A. Remove the colored trim panel and the retaining screws on the operator’s control 
switch plate by the same procedure as in Step B of paragraph 5.4.2.7. . 

B. Remove the two 6-32 screws (one for each end cap) directly below the end caps 
on the bottom of the unit. Remove the end caps and the top panel connecting . 
the caps. 

C. Remove the screws and stand-offs around the perimeter of the fixed disc cover 
as well as the three screws on the bottom front part of the cover (ref. figure 5-12). 
Unplug connector P12 for the cartridge sector transducer. Disconnect and tag 

_the solenoid leads. 

D. Remove the front screw on the solenoid mounting plate. The fixed disc cover 

can now be lifted off the unit, and the fixed disc in the Series F Disc Drive is 


now exposed. 


5.4.2.9 Fixed Disc Removal. When the preliminary steps have been performed, remove the 


fixed disc as follows: 


A. Remove the six 6-32 nuts and washers on the perimeter of the spindie. Remove 
the fixed disc clamp ring. 
~B. Remove the disc from the spindle assembly. 
C. ‘If removal of the spindle assembly is not required, disregard paragraphs 5.4.2.10 
through 5.4.2.13 and proceed to paragraph 5.4.2.14. 
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5.4.2.10 | Thermistor Assembly Removal (200 TP! Units Only). To remove the thermistor 


assembly, perform the following steps: 


Remove the 6-32 screw securing the assembly (ref. figure 5-7). 


oo 


Disconnect plug P31, and remove the assembly. 
C. Reverse steps for replacement. Apply silicon grease to the lower side of the 


assembly prior to its installation. 


5.4.2.11 spindle Assembly Removal. To remove the spindle assembly, see Figures 5-5 and 5-13 and 


perform the following steps: 


Lift the belt off the two pulleys at the bottom of the Disc Drive. 

B. Remove the three 6-32 screws used to fasten the gasket cover to the base, 
and remove the gasket. 

C. Remove the air filter access cover, loosen the wedge-shaped filter clamps, and 
remove the air filter (ref. figure 5-16). 

D. Disconnect the spindle motor plugs from the Power Switch Board located in 
the plenum chamber (ref. figure 5-17). 

E. Remove the three %-20 cap screws used to fasten the spindle assembly to the 
casting. Access is through three corresponding holes in the casting. The spindle 
assembly can now be lifted from the Disc Drive. 

F. At this point, the fixed disc sector ring can be removed if it is to be replaced (to 
change the number of sectors). If removal of the fixed disc sector ring is not 
required, disregard paragraph 5.4.2.12 and proceed to paragraph 5.4.2. 13. 


5.4.2.12 Fixed Disc Sector Ring Removal. The sector ring is mounted to the bottom side of 
the fixed disc hub by means of the same six 6-32 screws used to secure the fixed disc. Remove 


these six screws, and lift off the sector ring. 


5.4.2.13 Spindle Assembly Replacement. To replace the spindle assembly, perform the 


following steps: 
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Figure 5-13. Spindle Assembly 
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A. Seat the spindle assembly in the casting, and replace the three %4-20 cap screws 


The spindle assembly fits snugly into the casting 


securing the assembly. 


hole. When inspecting the spindle assembly, 
make certain that it is inserted perfectly straight. 
No undue force should be used (or necessary) 


when performing this operation. 


B. Reconnect the spindle motor plugs. . 


5.4.2.14 Disc Brush Motor Replacement. To replace the disc brush motor, refer to Figure 5-14 
and perform the following steps: 


A. Extract leads from plugs P11-6 and P11-1 or P11-4. An alternate method is to 
unsolder the two leads on the motor housing on top of the base plate. 

B. Loosen the 6-32 Allen head set screw located at one end of the plastic crank. 
Lift the crank off the motor shaft. 

C. Remove the two 4-40 screws used to secure the motor to the casting (top side 


of the base plate), and lift out the motor. 


100 and 200 TPI motors differ and are so 


marked 
100 TPI — 4 rpm 
200 TPI — 1 rpm 
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Figure 5-14. Disc Brush Drive Mechanism 


5.4.2.15 Reassembly of Disc Drive. To reassemble the Disc Drive, perform the following steps: 


A; 


Clean the casting cavity; a vacuum cleaner and suitable nozzle can be used for 

this purpose. 

Install the fixed disc on the six 6-32 studs on the spindle hub; hold the disc by 

its edges. Make sure that the disc is perfectly clean (no dust or finger prints) and 

that any marking (serial number, etc.) on the inner uncoated area of the disc is 

facing up. The disc must be properly seated on the guide ridge of the spindle hub. 
Install the clamp ring, replace the six nylon washers with new washers, and in- 

stall the 6-32 nuts. Tighten the nuts alternately in a criss-cross pattern, and tighten ve 
each nut to 8 inch-pounds with a torque wrench. 

Reassemble the Disc Drive in the reverse order of its disassembly as previously 


described. Verify both transducer outputs and align the heads and index to data. 
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5.4.3 REMOVAL AND REPLACEMENT OF SUBASSEMBLIES 


In the following paragraphs, removal for servicing or replacement of subassemblies and associated 


components is described in detail. Figure 5-15 summarizes these operations. 


5.4.3.1 Air Filter. The air filter, as shown in Figure 5-16, is located in the rectangular cavity 
in the bottom side of the base casting adjacent to the spindle assembly. It is retained by a sheet 


metal cover. To remove this assembly, perform the following steps: 


A. Remove the seven 6-32 flat-head screws used to secure the air filter cover to 
the casting, and remove the air filter cover. | 

B. Loosen the two wedge-shaped clamps on the filter, remove the filter element, 
and inspect. Replace the filter element if necessary. 

C. If only the prefilter element is to be replaced, peel this part off the filter element 
and apply a new prefilter (on same side of main filter). 

D. To reinstall the filter element, perform these steps in the reverse order used for 


air filter removal. 


5.4.3.2 Filter Element Replacement. When reinstalling the filter element, make sure that the 
arrow label (which indicates the direction of air flow) on the filter case points toward the outside 


wall of the casting. The prefilter will face the spindle assembly. 


If the following parts are to be replaced, per- 
form these operations before reinstalling the 
filter element: 

1. Fixed Disc Sector Transducer. 

2. Motor Drive Power Switch Circuit Board. 
3. Spindle Drive Regulator Circuit Board. 


5.4.3.3 Fixed Disc Sector Transducer, The Fixed Disc Sector Transducer is screwed into the 


casting in the plenum chamber and is accessible from the air filter cavity. If the air filter is in 


place, first remove that component. Then perform the following steps: 
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Figure 5-15. Removal/Replacement Guide — Subassemblies 
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Figure 5-16. Air Filter Installation 
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A. Toremove the sector transducer, unplug connector P13, loosen the jam nut that 
locks the transducer body, and screw the transducer out of the casting. 

B. After the transducer has been replaced, its position relative to the fixed disc 
sector ring must be adjusted. To adjust the transducer position, place an 0.005- 
inch shim between the transducer tip and the sector ring. Screw the transducer 
toward the sector ring until the 0.005-inch clearance is obtained. Tighten the 
jam nut to secure the transducer to the casting, and remove the shim. 


cus 


This mechanical adjustment of the transducer 
can be performed only if the fixed disc has 
been removed. If it is in place, the alternate 
procedures outlined in steps C and D must be 
used, since it is not possible to insert the shim 
with the disc in place. 


C. Alternate Transducer Adjustment: Screw the transducer into the casting until 
it just touches the fixed disc sector ring. Then back off the transducer (counter- 
clockwise) approximately one-quarter turn. 


D. Perform the transducer adjustment procedure described in paragraph 5.4.3.12. 


5.4.3.4 Motor Drive Power Switch Board. This circuit board is located in the plenum chamber, 
next to the spindle assembly, and is accessible from the air filter cavity. If the air filter is in place, 
first remove this component. To remove the Motor Drive Power Switch Board, unplug all electrical 
connectors from the board. Remove the two 6-32 screws which are available from below the base 
plate and which are used to mount the heatsink to the casting. The board then may be lifted out 

of the chamber. Refer to F igure 5-17 for the location of this circuit board. Apply a liberal coating 
of silicon grease of the base ' of the heatsink on the Motor Drive Power Board. 


5.4.3.5 Spindle Drive Regulator Board. This circuit board is located in the plenum chamber, 
as shown in Fiqure 5-17, and is accessible from the air filter cavity. If the air filter is in place, first 
remove this component. To remove the circuit board, disconnect the electrical leads and take out 
the four 6-32 machine screws that mount the heatsink to the casting. When installing this circuit 
va board, apply a generous coating of silicon grease to the base of the heatsink prior to mounting. 


This is necessary to ensure adequate heat transfer to the casting. 
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Figure 5-17. Spindle Motor Control Boards 


5.4.3.6 Operator's Control/Indicator Assembly. This assembly consists of a metal plate on 
which the control switches and indicators are mounted. The assembly is mounted to the vertical 
sheet metal panel (part of the fixed disc cover) across the front of the chassis with four 6-32 flat- 
head screws. The wire harness that connects the control assembly with the Electronics Interconnect 


Board is routed through the casting behind the blower access cover. 


To remove the OCP (Operator’s Control Panel), perform the following steps: 


A. Remove the four 6-32 screws used to secure the control assembly plate to the 
Dise Drive chassis. 

B. Remove the two 6-32 set screws in the rim of the blower pulley; then slide the 
pulley off its shaft. See Figure 5-18. 

C. Remove the nine 6-32 screws that fasten the blower access cover. These include 
the three screws around the pulley which are used to hold the bearing assembly 


to the cover. Remove the access cover. 
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Figure 5-18. Blower Shaft Ground Brush — Mounting 
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D. Unplug connector P8 (on the other end of the harness) from the Electronics 
Interconnect Board, and unplug connector P19. Remove the three wires from 
cartridge interlock switch S9. Then remove the harness and control assembly 


from the Disc Drive. 
E. Toreplace the control assembly, follow in reverse order the procedure used for 


If the blower shaft ground brush is to be re- 


disassembly. 


placed, this should be done prior to reinstalling 


the blower access cover and the blower pulley. 


5.4.3.7 Blower Shaft Ground Brush. The blower shaft ground brush is mounted in the bearing 
housing of the blower. The brush is to be replaced if the resistance between the blower shaft and 
the casting exceeds 1.5 Ohms (with the shaft rotating). To replace the brush, remove the slotted 
screw at the Lack of the crush holder, remove the brush, and substitute a new brush. Figure 5-18 


shows the configuration of the brush assembly mounting. 


5.4.3.8 Spindle Ground Brush. The spindle ground brush is mounted on the side of the spindle 
motor. Brush replacement is indicated if the resistance between the spindle shaft and the casting 
exceeds 1.5 Ohms (with the shaft rotating). To remove the spindle ground brush, remove the air 
filter and remove the screw securing the brush in the spindle assembly, as shown in Figure 5-19. 


Take out the brush. To replace the ground brush, reverse the procedure. 


5.4.3.9 Disc Cleaning Brush Assembly. The Disc Drive contains cleaning brushes that sweep 
the disc(s) once during the start operating cycle. The Series F units contain a set of two brushes 
which are used to sweep the disc surface. The Series T units contain two sets, eacli of which con- 
tains four brushes, one set being used to sweep the fixed disc and one set for the cartridge disc. 
If the brushes are not in good condition (bristle tips are not touching), they must be replaced. 


See Figure 5-20 for correct mounting of the cleaning brushes. 
Access to the brush assembly is through an opening on top of. the fixed disc cover in the Series F 


Disc Drive and a similar opening on top of the shroud in the Series T Disc Drive. These openings 


are normally closed by covers. To remove the cleaning brushes, perform the following steps: 
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Figure 5-20. Disc Cleaning Brushes — Installation/Replacement Guide 
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A. 


Remove the two 6-32 screws that secure the cover, and take off the cover. 
Remove the hair-pin shaped clip located on top of the brush arm assembly, and 
lift off the assembly. 

To replace the brushes, pull them (one at a time) from the brush arms. Install 
new brushes. Also observe proper keying of the brushes in the arm; there are 


two types of brushes, a right-hand brush and a left-hand brush. 


The brush may be installed only once, or its 


retention capabilities are greatly decreased. 


5.4.3.10 Cartridge Interlock Switch. This mechanism consists of a microswitch and a plunger- 
type actuator on its upper end. When the disc cartridge housing is seated in the Disc Drive, the 


actuator is engaged. The switch is located at the left-hand side of the control/indicator mounting 


plate and is accessible when the trim panel at the front of the unit is removec. A photo of the 


cartridge interlock switch is included in Figure 5-21. 


To remove the cartridge interlock switch subassembly, perform the following steps: 


A. 


If the actuator is to be taken off, remove the retaining ring with which it is 
secured. Then lift the actuator through the top of the fixed disc cover. 

To revnove the microswitch, unplug the leads from the switch terminals and 
remove the two 4-40 screws used to fasten the switch to its mounting plate. 
After the switch has been replaced, verify the proper operation of the switch/ 


actuator. If necessary, the switch position should be adjusted. 
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Figure 5-21. Cartridge Interlock Switch Assembly 


D. To adjust the microswitch position, slightly loosen the two switch mounting 
screws. Install a disc cartridge and close the door. On the Series T Disc Drive 
the bottom cover must be installed on the cartridge. 

E. Move the switch against the actuator until it clicks, indicating that the switch 
has been actuated. Tighten the switch mounting screws while holding the switch 


securely in the adjusted position. 


Lear] 


Some small travel should remain in the switch 
after it has been adjusted. That is, the actuator 
plunger should not press the switch mechanism 


to its stop when the cartridge is seated. 
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5.4.3.11 Disc Brush Home Switch. This microswitch is located next to the cam of the disc 
brush drive mechanism below the base plate (ref. figure 5-14). To remove the microswitch, perform 
the following steps: 


A. 


Unplug the two leads from the switch terminals, and remove the two 4-40 screws 
used to secure the switch to the base. 

After the switch has been replaced, verify proper operation, and adjust switch 
position if necessary. 

Tc adjust the microswitch position, bend the actuator arm so that it actuates the 
switch as indicated by a click in the switch as the switch arm is halfway up 


the cam. 


WHEN TESTING AND ADJUSTING THE 
SWITCH MECHANISM, DO NOT ROTATE 
THE CAM BY HAND UNLESS THE LINK- 
AGE TO THE BRUSH MOTOR (ref. figure 5-14) 
HAS BEEN DISCONNECTED. DAMAGE TO 
THE MOTOR HEAD WILL RESULT IF THE 
LINKAGE 1S DRIVEN MANUALLY. 


5.4.3.12 Index/Sector Transducer, Series F. The index/sector transducer is a magnetic pickup 


device that is mounted on the top side of the fixed disc cover near the spindle hub as shown in 


Figure 5-22. 


To remove the transducer, perform the following steps: 


A. 


Remove the two 4-40 screws. Note or mark the position of the transducer on 


the bracket. This will facilitate index alignment.| 


When reinstalling the transducer, line it up to its original position mark as 
noted in step A. After replacement, perform the removable disc Index/Sector 
transducer check. This procedure is outlined in paragraph 5.6.3.3 and alignment 
is outlined in paragraph 5.6.9. 
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5.4.3.13 Index/Sector Transducer, Series T. The index/sector transducer in the Series T Disc 


athe Renitcter sina Masti BEtia/tastinenatelb sites 


Drive is a magnetic pickup device mounted on top of the fixed disc cover near the spindle hub 


as shown in Figure 5-23. 


To remove the transducer, perform the following steps: 


A. Tocheck the transducer for continuity of its winding, disconnect connector P12 
from the Electronics Interconnect Board and remove the disc cartridge. Using an 
ohmmeter, measure the resistance between the two contacts of P12. !f this 
measurement indicates an open winding, the transducer must be replaced. 

B. To replace the transducer, loosen the 6-32 set screw in the side of the transducer 
mounting block. Remove the leads from the housing of connector P12. Turn 
the transducer counterclockwise until it is completely removed from the 


mounting block. 


5-41 


TWISTED WIRES WAN-0039B 


MOUNTING BLOCK 


TRANSDUCER POLE TIP 


SET SCREW 


Figure 5-23. Index/Sector Transducer — Series T 


C. Install a test hub on the spindle. Screw the replacement transducer into the 
mounting block (clockwise rotation) until it just touches the sector ring. Back 
off the transducer slightly, and with the aid of a shim, adjust the clearance be- 
tween the transducer pole tip and the sector ring to 0.005’’. Reroute the trans- 


ducer leads, insert the leads in the housing of connector P12. 


D. Perform the removable transducer adjustment as described in paragraph 5.6.3.1 


and the alignment procedures outlined in paragraph 5.6.9. 
5.4.3.14 Plug-In Circuit Boards. The Disc Drive contains seven plug-in circuit boards (which are 
identified in figures 5-3 and 5-4). To remove the printed circuit boards, perform the following steps: 
A. Toremove any of the five boards in the card cage next to the positioner assembly, 


simultaneously lift up the two extractor levers on the top edge of the board being 


removed. The circuit board will be automatically extracted from its receptacle. 
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, CAUTION j 


TURN OFF THE POWER SWITCH ON THE 
OPERATOR CONTROL PANEL BEFORE RE- 
MOVING ANY OF THE CIRCUIT BOARDS. 


B. After removing the Data Interface Board, unplug !/O cable connector P20 from 
the board using 3M extracting tool No. 3438 (WANGCO P/N 108200). 

C. Before the Servo Amplifier Board is removed, the harness connector (plug P15) 
must be disconnected. 

D. The two boards adjacent to the power supply assembly are removed by pulling 
them straight up out of their connectors and vertical guides. Prior to removing 
the Power Regulator Board, unplug connector P18 from that circuit board. 

E. After replacement of the following circuit boards, the respective adjustment and 


alignment procedures should be performed as outlined in the following paragraphs. 


1) Data Interface Board — Perform the Data Separator Adjustment 
procedure, paragraph 5.6.7. 

2) Disc Control Board — Perform the Run to Load Adjustment procedure, 
paragraph 5.6.5, also perform the Head Alignment procedures outlined 
in paragraph 5.6.8. 

3) Servo Amplifier Board — Perform the S.V.A. Adjustment procedure, 
paragraph 5.6.4, and the Head Alignment procedure, paragraph 5.6.8. 

4) Data Electronics Board — Perform the Write Current Adjustment, 
paragraph 5.6.6 and the Data Separator Adjustment, paragraph 5.6.7. 


5.4.3.15 Electronics Interconnect Board. This circuit board (mother board) incorporates the 
connecting receptacles for all seven plug-in boards as well as connecting pins for various harness 
cable connectors (ref. the interconnect drawing). The Electronics Interconnect Board is located 


below the base plate (ref. figure 5-5). To take out the Electronics Interconnect Board, perform the 


following steps: 
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Remove the seven plug-in circuit boards. 


ad 


"Unplug all cable connectors. 

C. Remove the two 6-32 screws that fasten each of the two brackets used to secure 
the card cage to the base casting. Then disconnect the two brackets from the 
frame but not from the casting. 

D. Remove all screws that fasten the Electronics {Interconnect Board to the casting. 

The screws are accessible from the bottom of the Disc Drive (ref. figure 5-5). 


The card cage and the vertical guides on connectors 
J6 and J7 should not be removed from the Elec- 


tronics Interconnect Board under normal conditions. 


5.4.3.16 Read/Write Head Assemblies. Each Read/Write head assembly consists of a circular 
ceramic pad that contains the Read/Write and Erase coils, a gimbal spring used to support the 
head pad on the head arm, and the head arm which is mounted to the positioner carriage. A highly 
flexible four-wire cable interconnects each head with the Data Electronics Board. Each of the four 
conductors carries a five-pin connector on its free-end which plugs into a corresponding receptacle ' 


on the Data Electronics Board. See Figure 5-24 for a line drawing of a Read/Write head assembly. 


Replacement of the head assemblies is simplified if the power supply assembly is temporarily 


removed from the Disc Drive to obtain unrestricted access to the head area. However, it is possible 


to remove the Read/Write heads with the power supply in place. 


Prior to removal of the heads associated with 
the fixed disc (the lower pair of heads), data 
written on the fixed disc should be transferred 
to a “’scratch cartridge” since such data may 


not be recoverable after head replacement. 
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Figure 5-24, Read/Write Head Assembly 


To remove the Read/Write heads, perform the following steps: 


A. Remove the power supply unit (ref. paragraph 5.4.2.3) after making sure that 
the line cord has been removed from the wall outlet. 

B. Unplug the head cable connectors from the Data Electronics Board. 

C. Remove the two 4-40 cap screws used to secure the head clamp for the upper 
head pair to the carriage, and remove the head clamp. 

D. Carefully lift the upper head arm off the ramp, and remove it from the cartridge. 
Then remove the lower head assembly in the same manner. 


E. Repeat the procedures performed in C and D to remove the lower head pair. 
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DURING THE REPLACEMENT OF THE HEAD 
ASSEMBLIES, BE SURE TO AVOID CON- 
TACT BETWEEN THE HEAD PADS AND ANY 
OTHER OBJECT. DO NOT BEND THE HEAD 
BEING REMOVED BEYOND THE CAM 
HEIGHT TO AVOID DAMAGE TO THE HEAD. 


To replace the head assemblies, reassemble per disassembly order of steps D through B of the 
procedure used for head removal. Start with the lower head of the fixed disc head pair, and pro- 


ceed upwerd to the upper head of the removable cartridge head pair. 
After replacement of a head assembly, perform the following procedures: 


A. Data Separator adjustments, paragraph 5.6.7. 
B. Head alignment, paragraph 5.6.8. 


5.4.3.17 I/O Interconnect Cable. This flexible cable provides input/output signal connections 
between the 1/O Connector Board (mounted on the rear panel of the Disc Drive) and the Data 
Interface Board (mother board). The cable is terminated with a 50-pin connector at each end; 


these connectors mate with pins on the Data Interface Board and the !/O Connector Board. 


To remove the I/O interconnect cable, disconnect the two 50-pin connectors at each of the two 
circuit boards. Use the 3M extracting tool for this operation to facilitate removal of the two 
connectors. Remove the upper screws from the vertical rod in the cable guide bracket. Then un- 


snap the cable clamps, tilt the rod, and slide out the |/O interconnect cable assembly. 


5.4.3.18 1/O Connector Board. This circuit board is mounted on the rear panel of the Disc 
Drive. It incorporates the input/output line connectors and line drivers and receivers (ref. figure 2-3). 


To remove the 1/O Connector Board, take out the four mounting screws (one at each corner) used 
to fasten the circuit board to the rear panel, and lift out the board and its mylar cover. Unplug the 
1/O Interconnecting cable from the board using the IBM extracting tool to facilitate disconnection 


without damage. 
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5.4.3.19 Door Lock Solenoid, Series F. This solenoid is located near the right-hand edge of the 


base plate (ref. figure 5-6) and is mounted on a small mounting plate that is bolted to the fixed 


disc cover. To remove the door lock solenoid, perform the following steps: 


A. Prior to disconnecting the leads from the solenoid, record and tag the polarity 
of the connections; one of the solenoid terminals is color-coded, and the leads 
must be reconnected in the same configuration. 

B. Unplug the two leads from the terminal tabs on the solenoid. 

C. Remove the two 6-32 screws used to secure the mounting plate to the fixed disc 
cover. The mounting plate and the solenoid can now be lifted off the fixed disc 
cover. — 

D. Remove the two 6-32 screws that secure the solenoid to the mounting plate. 


5.4.3.20 Door Lock Solenoid, Series T. These solenoids are located behind the door assembly 
(ref. figure 5-7) and are mounted on two smal! mounting plates that are bolted to the top of the 
shroud. To remove a door lock solenoid, perform the same steps used to remove the door lock 
solenoid for the Series F in the preceding paragraph. Make sure that the attaching plug is dis- 
connected. If only one solenoid is to be replaced, unsolder the leads and tag each lead to indicate 


its polarity as described in step A of paragraph 5.4.3.19. 


5.4.3.21 Emergency Retract PWB Assembly. This printed circuit board is located at the rear 
side of the Disc Drive, and is mounted next to the positioner assembly. To replace this circuit 
board, see Figure 5-25 and perform the following steps: 


A. Disconnect plug P28 and remove the four 4-40 screws used to secure the board. 
Disconnect the positioner ground wire and remove the board assembly. 


B. To install the board assembly, reverse the steps used to remove the board. Ensure 
that the positioner ground wire is connected to the same screw as the one from 


which it was removed. 
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Figure 5-25. Emergency Retract PWB Assembly 


5.4.3.22 Commutator Board Removal. This circuit board is mounted on the rear of the 
spindle motor assembly with the spindle motor shaft extending through the center of the 
doughnut-shaped Commutator Board. To replace this circuit board, perform the following steps: 


- A. Slide the Disc Drive out of the rack, and remove the Allen-head screw in the 
center of the spindle motor drive pulley. 

B. When the pulley is removed, the three Phillips-head screws used to fasten the 
Commutator Board to the spindle assembly are accessible. Remove the three 
screws. 

C. Replacement is done by reversing the steps used in removal. 

D. Replace the defective Commutator Board if required, and/or loosen the 
pulley of the interrupter cup. 

E. Disconnect plug P37 (spindle motor leads) from the spindle motor Power Switch 
Board, and plug Phasing Harness (301396) J37 into plug P37 (spindle motor 


leads). 


Early models of spindle phasing harnesses had 
J37 marked P37. 


F. Connect the alligator clip of the phasing harness to the copper plate on top of 
the power supply as shown in Figure 5-26. 

G. Actuate the POWER switch on the Disc Drive, and touch the harness contact 
pin to the (+) side of capacitor C5 shown on the schematic showing the harness 
connections in Figure 5-26. The spindle should rotate and lock in position. 
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Figure 5-26. Power Supply Connections — Commutator Board Phasing Adjustment 


DO NOT TOUCH CONTACT PIN LONGER 
THAN 3 SECONDS. 


H. Ensure that the spindle does not move while adjusting the interrupter cup as 
shown in Figure 5-27. 

|. Hold the interrupter cup with one hand, and tighten the pulley screw to 24 
inch-pounds of torque. 

J. Rotate the spindle shaft approximately 45 degrees, and repeat Step D. Ensure 
that the phasing is correct (ref. figure 5-27). 

K. Actuate the POWER switch on the OCP to OFF position, disconnect the phasing 
harness, and reconnect plug P37 to J37 on the Spindle Motor Power Switch Board. 
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Figure 5-27. Shutter Adjustment — Commutator Board 
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5.5 FIELD EXERCISER FUNCTIONS AND OPERATION 
5.5.1 GENERAL DESCRIPTION 


The WANGCO Field Exerciser (WANGCO P/N 300382) is an economical off-line test device that 
provides manual and automatic control of the Read/Write positioning servo in both the Series F 
and Series T Disc Drives. The Field Exerciser plug-in unit is used in the alignment and calibration 
procedures. It also may be used within limitations in off-line trouble diagnosis of the positioning 
servo electronics. The Field Exerciser will not read or write any data patterns, and for this reason, 


cannot be used for diagnosis procedures requiring comparison. 


The Field Exerciser components are mounted ona printed circuit board which is inserted in 
location J1 in the card cage when the Data Interface Board has been removed. It is fully operational 
when it has been inserted in its receptacle and power is applied to the Disc Drive. Installation of 
the Field Exerciser automatically puts the Disc Drive in off-line operation since removal of the 


DIB interrupts the I/O lines to the remote controller. 


The Field Exerciser circuitry is implemented with TTL integrated circuits. Its various functions 
are programmed and activated by means of eight switches which are mounted along the upper 
edge of the board. Head position is indicated by-nine CYLINDER ADDRESS lights mounted 
below the control switches. Two test points (SEEK COMPLETE and INDEX) and a SEEK 
COMPLETE indicator lamp also are mounted on the circuit board. See Figure 5-28 for a line 


drawing of the Field Exerciser Board. 
5.5.2 OPERATING CONTROLS — FIELD EXERCISER 


5.5.2.1 RESTORE (S1). A momentary-contact pushbutton switch which initiates a Restore 


operation. 


5.5.2.2 DISC SELECT, REM/FIX (S2). A two position toggle switch that selects either the 


head pair associated with the cartridge disc or the head pair associated with the fixed disc. 


5.5.2.3 HEAD SELECT, TOP/BOT (S3). A two position toggle switch that selects the upper 


PR ae ares nannn en Sa 


or lower head of the head pair selected by switch S2. 
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Figure 5-28. Field Exerciser Controls, Indicators and Test Points 


5.5.2.4 100/200 TPI (S4). A two position toggle switch that selects access of 200 or 400 


tracks depending on whether the Field Exerciser is using a 100 or 200 tracks-per-inch unit. 


5.5.2.5 INC/FIX/DEC (S5). A three position toggle switch which selects the positioning 
mode. In the INC position, the Field Exerciser programs the positioning servo for successive 
incrementing of the heads, one track at a time, in the forward direction (toward the innermost 
track). In the DEC position, the heads will decrement, one track at a time, in the reverse di- 
rection (toward track 000). In the FIX position, the positioning servo will keep the heads over a 
given track. The access speed is governed by the setting of switch S6. 

5.5.2.6 ALT, OFF/ON (S6). A two position toggle switch which enables the servo to alter- 
nate between track 000 and any selected track. When switch S6 is in OFF position, the access 
mode is governed by the setting of switch S5. When switch S6 is in ON position, the head carriage 
will travel, in alternating fashion, from a track accessed by switch S5 to track 000 and then back 


to the selected track, etc. 
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5.5.2.7 AUT/MAN (S7). A two-position toggle switch which selects automatic or manual 
operation. With switch S7 in the AUT position, the accessing mode, selected by switches S5 and 
S6, proceeds automatically and is synchronized to the Index pulses. When switch S7 is in the 
MAN position, the accessing mode selected will be under control of switch S8 the START push- 


button switch. 


5.5.2.8 START (S8). A momentary-contact pushbutton switch which initiates the accessing 


operations. It operates in conjunction with switch S7. 
5.5.3 INDICATORS AND TEST POINTS — FIELD EXERCISER 


The nine indicator lights located below the control switches signal the track position (cylinder 
address). The readout is in binary format. The indicator lamp above TP1 furnishes a SEEK 
COMPLETE indication. | 


Test point TP1 (Seek Complete) permits convenient measurement of access time. Test point TP2 
(Index) permits oscilloscope synchronization to the Index Pulse. Test point TP3 is the circuit 


ground connection. 
5.5.4 INSTALLATION — FIELD EXERCISER 
To install the Field Exerciser, perform the following steps: 


Turn off power to the Disc Drive. 

B. Extract the Data Interface Board (DIB) from its receptacle (refer to paragraph 
5.4.3.14). 

C. Insert the Field Exerciser board into the DIB connector location J1. Both the 
DIB and the Field Exerciser are keyed so that when the Field Exerciser board 


is installed correctly the controls and indicators face the positioner assembly. 
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5.5.5 OPERATION — FIELD EXERCISER 


Select the disc (cartridge or fixed) to be read out with switch $2. Select the upper or lower head 
for that particular disc with switch S3. Select the appropriate tracks/inch access with switch S4. 


The programming of the accessing mode is illustrated in the following: 
For example, if a 64-track seek is to be implemented, perform the following steps: 


Place switch S6 in OFF position. 
Place switch S5 in INC (increment) position. 
Place switch S7 in AUT (automatic) position. 


Press and release switch S8 to indicate a Seek operation. 


moo @ > 


When the address indication of 64 is obtained, place switch S5 in FIX position; 


the positioner carriage will stop at this track position (cylinder address). 


An alternate mode can now be implemented by placing switch S6 in ON position. The positioner 
carriage will now extend to track position 64. It will then retract to track 000, again access to 
track 64, etc. 


In another example, the mode is to be changed to a 000-track 50 alternating access. In this case, 
stop the. process at cylinder address 64 by switching S6 to the OFF position. Next, decrement to 
track 50 by placing switch S7 in MAN position, switch S5 in DEC position, and press and release 
switch S8 until address 50 is obtained. Then return switch S5 to FIX position, switch S6 inON 


position, etc. 
5.5.6 BENCH EXERCISER FUNCTIONS AND OPERATION 


Since the Field Exerciser is incapable of Read, Write, and Compare operations, the WANGCO 
Bench Exerciser (Part Number 300303-002) may be used in conjunction with the Disc Drive to 
simulate signals from the Controller or Formatter. It also may be used to initiate a Seek operation 
and to cause the unit to write on, and read from, the disc. Jacks mounted on the front of the Disc 
Exerciser provide a means of monitoring the signals generated in response to the Disc Exerciser 
program. Refer to the Operation and Maintenance manual for the Disc Exerciser (300880) for 


instructions on operation of the Disc Exerciser. 
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5.6 ADJUSTMENT AND CALIBRATION PROCEDURES 
5.6.1 INTRODUCTION 


The procedures for all adjustments and calibrations that can be performed at the installation site 
are outlined in the following paragraphs. The procedures are listed in the sequential order to be 
followed if a complete calibration of the Disc Drive is to be performed. 


All test equipment items required for maintenance and adjustment of the Disc Drive are listed in 
Table 5-2. It is suggested that the paragraphs outlining procedures to be followed in removal and 
replacement of major components and subassemblies be reviewed before performing the adjust- 
ment and calibration procedures. | 


5.6.2 POWER SUPPLY ADJUSTMENT 
To perform the power supply adjustment, perform the following steps: 


Place the POWER switch on the OCP in OFF position. 

B. Remove the Disc Control Board (DCB) in card cage location J3. Insert an 
extender board, and insert the DCB in the extender board. 

C. Place the POWER switch in ON position. 

D. Using a VOM, measure the +5V. DC output at pin D of the DCB connector. 

E. Adjust the +5V. DC potentiometer located on the Power Supply +5V Regulator 

_ Assembly for a +5V. DC indication. 

F. Verify that there is +13V. DC on pin C and —13V. DC on pin B. These voltages . 
are not adjustable. 

G. Shut off power: remove the extender card, and replace the DCB in its receptacle. 


H. If the voltage indication cannot be brought to exactly +5V. DC, replace the PRB 


or the power supply as described in paragraph 5.4.2.3. 
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5.6.3 MAGNETIC INDEX/SECTOR TRANSDUCER ADJUSTMENT 


5.6.3.1 Cartridge Disc Sector Transducer Alignment (Series T). The Series T cartridge disc 


transducer alignment procedure is outlined in the following steps. The fixed disc transducer 
alignment procedure involves a sequence of similar steps (refer to paragraph 5.6.3.2). After the 
mechanical adjustment of the transducer, described in paragraph 5.4.3.13, perform the final 
positioning of the transducer as follows making sure that power has been removed from the 
Disc Drive. 


A. Remove the DCB, insert an extender board, and place the Disc Control Board in 
the extender board. a 

B. Connect the oscilloscope probe to pin M of the extender board connector. 

C.  1f acartridge disc is installed, remove it and install the test hub on the spindle 
chuck. 

D. Unplug connector P15, and manually rotate the spindle 360 degrees to ensure 
that the hub does not rub against the transducer pole tip. If rubbing occurs, refer 
to paragraph 5.4.3.13. 

Place the POWER switch in ON position. 

Manually actuate the cartridge interlock switch. 

Place the RUN/LOAD switch in RUN position and allow the spindle to reach 
operational speed. 

H. The waveform at pin M of the extender card should have a minimum output of 
300 millivolts base-to-peak with a maximum overshoot (baseline noise) of 50 
millivolts. as shown in Figure 5-29. This will also be the waveform at the output 
of the differentiator board on the Series F. 

|. | 1f an output having a minimum amplitude of 300 millivolts can not be attained, 
the transducer should be replaced. If overshoot is in excess of 50 millivolts, the 
transducer may be positioned further from the test hub by rotating it counter- 
clockwise. However, the minimum amplitude of the output signal must be main- 


tained. If the output is acceptable, proceed to step x. 


These figures are for adjustment using narrow- 
slot (0.020-inch wide) hubs only. 
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Figure 5-29. Cartridge Sector/Index Alignment Waveshape 


If the waveform polarity does not agree with that shown in Figure 5-29, reverse 
the position of the two transducer leads on connector P12. 

When using wide-slot (0.080-inch wide) hubs, the minimum output is 1-volt 
base-to-peak with a maximum overshoot of 50 millivolts. The same procedures 
as those previously described are used to obtain these outputs. At no time may 
the transducer be placed closer than 0.005-inch from the hub. 

Overshoot sometimes may be caused by a metal chip near the pole tip. A piece 
of masking tape can be used to remove the magnetized metal chip. 

The 1-volt minimum requirement for the wide-slot hub is necessary to ensure 
proper operation when using a narrow-slot disc cartridge. 

Place the POWER switch in OFF position. 

If the set screw used to lock the transducer in place has been tightened, loosen 
it enough so that the transducer can just be rotated. 

If the transducer is moved closer to the hub, manually rotate the test hub and 
spindle assembly one complete revolution to ascertain that the transducer pole 


tip does not contact the sector ring at any time. 
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Place the POWER switch in ON position. 

R. Manually actuate the interlock switch (ref. figure 5-2). 

Place the RUN/LOAD switch in RUN position and allow the spindle to reach 
normal operational speed. 

T. Observe the waveshape on the oscilloscope as described in step H. To increase 
the amplitude of the output signal, turn the transducer clockwise very gradually 
while monitoring the output signal on the oscilloscope. Make sure that a mini- 
mum clearance of 0.005-inch is maintained between the transducer and the 
sector ring. 

U. After the final adjustment, place the POWER switch in OFF position and 
carefully tighten the set screw on the transducer assembly. 

V. Repeat steps D, E, F, and G, in that order, to verify that tightening the jam 
nut did not change the clearance between the transducer and the sector ring. 

W. Place the POWER switch in OFF position, remove the test equipment, replace 
the DCB in card cage location J3, and plug in connector P15. 

X. Perform the Index alignment outlined in paragraph 5.6.9. 


5.6.3.2 Fixed Disc Index/Sector Transducer Adjustment (Series F and Series T). In both series 


of Disc Drives, the index/sector transducer is mounted near the spindle in the filter plenum chamber 
(refer to paragraphs 5.4.3.12 and 5.4.3.13). If this transducer has been replaced, its position relative 
to the fixed disc sector ring should be checked by one of the procedures in paragraph 5.4.3.3. To 


verify or adjust the final position of the transducer, perform the following steps: 


Place the POWER switch in OFF position. 

B. Remove the Disc Control Board in card cage location J3, insert an extender card 
in its place, and insert the DCB in the extender card. 

C. Insert a cartridge disc as previously outlined. 

D. Connect the oscilloscope vertical input to pin P of the extender board card-edge 
connector. 
Place the POWER switch in ON position. 

F. Place the RUN/LOAD switch in RUN position and allow the spindle to reach 
normal operational speed. 


G. After the spindle has come up to speed, verify that the waveform at pin P is 
clean with a minimum amplitude of 300 millivolts base-to-peak. (Ref. figure 5-29 


for a picture of a normal oscilloscope display.) The pulses should be positive- 


going. Use logic ground at the top of C7 and/or C14 for a reference. 
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If the amplitude of the output waveform does not have the specified minimum 


_ value, turn the transducer clockwise very gradually while observing the display 


on the oscilloscope until the amplitude of the signal is within limits. 

Place the POWER switch in OFF position and carefully tighten the jam nut 

on the transducer assembly. Verify that the position of the transducer has not 
changed during the tightening process. Use glyptal to hold the jam nut in place. 
Remove the card extender and replace the DCB in card cage location J3. Re- 


move the test equipment. 


5.6.3.3 Cartridge Disc Index/Sector Adjustment, Series F. If this transducer has been re- 


placed as described in paragraph 5.4.3.12, perform the following steps to check for a satisfactory 


output signal. 
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Place the POWER switch in OFF position. 

Use a disc cartridge or test hub on the spindle chuck. 

Unplug connector P15. 

Manually actuate the cartridge interlock switch, if test hub is used. 

Press the POWER switch. Then press the LOAD/RUN switch and allow the 


spindle to come up to speed. 


Place the oscilloscope vertical probe on pin 2 of J32 on the Differentiator 
Board connector. This board is mounted near the front of the card cage (ref. 
figure 5-3) and is available when the top cover is removed. The input signal 
to the differentiator board should appear as shown in Figure 5-30. 

If the input signal to the differentiator circuit is not approximately as shown 
in Figure 5-30, replace or check operation of the transducer. 

Verify that the waveform on J33 pin 1 of the differentiator PWB is clean as 
shown in Figure 5-29. The waveform amplitude should be 130 millivolts 
base-to-peak (minimum). 

Place the POWER switch in OFF position, remove test equipment and plug 
in connector P15. 

Perform the index alignment check outlined in paragraph 5.6.9. If alignment 
can not be accomplished, the transducer may be moved slightly to the left 
to advance the signal or slightly to the right to retard the signal. This can be 
done by loosening the 4-40 screws on the transducer mounting bracket and 


sliding the transducer slightly in its mounting bracket. 
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Figure 5-30. Input to Differentiator Board (Series F) 
5.6.4 SVA ADJUSTMENT PROCEDURES 


These procedures pertain to SVA boards 301584 revisions A, B, and C. SVA adjustments must 
be accomplished with the Drive in two separate modes. Initial adjustment is required with P15 
on the SVA board disconnected and manual movement of the Positioner. Final adjustment is 
accomplished with P15 on the SVA board connected and using either a maintenance program 
or an Exerciser to control Positioner movement. __ 

THESE PROCEDURES ARE DESIGNED TO 

BE ACCOMPLISHED IN SEQUENCE; HOW- 

EVER, |F MAINTENANCE PERSONNEL 

DEEM IT NECESSARY TO PERFORM IN- 

DIVIDUAL CHECKS OR ADJUSTMENTS 

WITHIN THESE PROCEDURES, THE FOL- 

LOWING MUST BE OBSERVED: 


A. Check initial procedure conditions i.e., POWER ON/OFF, jumpers installed/ 
removed. 
B. Verify if P15 is connected or disconnected depending upon whether or not 


positioner is to be manually moved. 


5.6.4.1 LED Voltage Adjustment. To accomplish this adjustment, perform the following steps: 


A. Place POWER switch in OFF position. 
B. Unplug P15 on SVA in card cage location J5. 
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Remove SVA and insert a card extender in its place. 


. Place a jumper wire from TP6 to TP4 (ground). This disables the current fault 


circuit. 

Place the SVA in card extender. 

Place POWER ON/OFF switch to ON; place RUN/LOAD switch to RUN. 
Using a digital voltmeter, measure voltage across R125 (TP7 negative lead and 
TP8 positive lead). 

Adjust AGC potentiometer (R96) for approximately 7.5V. 

Place a scope probe on BOT ANALOG AMP (U22 pin 1). 

Load heads by hand and move positioner back and forth across disc surface 
(near ramp) while observing scope. 

Adjust AGC ADJ. potentiometer (R96) until BOT ANALOG AMP output is 
+5V with reference to ground. See Figure 5-31. 

Stop moving positioner; remove scope probe from U22 pin 1, and again 
measure voltage across R125 (TP7 and TP8). It should be +8.0V (max). 
Remove digital voltmeter. 


Manually retract heads to Home position. 
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Figure 5-31. BOT Analog Amplitude Output 
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5.6.4.2 Preliminary Amplitude and Balance Adjustment. To accomplish this adjustment, 


perform the following steps: 


A. Connect scope probe to TP5 on SVA and set scope controls as follows: 
1) DC 
2) 2V/cm (actual value). 

B. Place POWER ON/OFF switch to ON position. 

C. Place RUN/LOAD switch to RUN. When disc is up to speed, manually load 
heads. | 

D. While moving positioner by hand, adjust AMPLITUDE (R53) and BALANCE 
(R49) potentiometers until DETENT signal is approximately 10V. p-p, and 


balanced around ground. See Figure 5-32. 
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Figure 5-32. Detent Signal Output Waveform (manual) 


E. Manually unload heads by moving positioner to home position. 
F. Place RUN/LOAD switch to LOAD position. 
G. Place POWER switch to OFF. 


5.6.4.3 Phasing Adjustment. This adjustment checks for proper phasing between the BOT 
(Beginning of Travel) pulse and the Detent pulse. To adjust phasing, perform the following steps: 
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When moving positioner forward, try to simu- 
late normal positioner motion (moving the 
positioner too slowly will cause erroneous 


adjustment). 


A. Verify preliminary procedure outlined in paragraph 5.6.4.2 (A through F). 


Connect oscilloscope channel 1 probe (trigger) to TP9 (BOT pulse). 

C. Connect oscilloscope channel 2 probe to TP5 (Detent) and center ground 
reference. 

D. Manually load heads and while moving carriage back and forth, monitor scope 
and trigger channel 1 on the positive-going edge of the BOT pulse. 

E. When moving carriage forward from home position the first Detent signal 

should start going negative from the base line (ground reference) as shown 

in Figure 5-33 (not more than —0.5V). 
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Figure 5-33. Waveform — Phasing Adjustment 
F. If preceding steps are verified, correct phasing is completed. Proceed to 
INJECTION VELOCITY adjustment. 


[nore] 


If preceding steps are NOT verified, proceed with 


the following steps. 
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Manually retract heads to Home position. 


H. Place RUN/LOAD switch to LOAD. 
1, Place POWER ON/OFF switch to OFF. 
J. Remove Power Supply from Disc Drive and connect extender cable harness 
_ to Power Supply. ; | 
K. Place POWER ON/OFF switch to ON and RUN/LOAD switch to RUN. 
L. Loosen the two mounting screws on Optical Detent Assembly. See Figure 5-34, 
M. Manually load heads. To obtain correct phasing while moving carriage forward 
from its Home position, gently pivot the Inner Block (ref. figure 5-34) on the 
axis of the fixed pin until the desired waveform is obtained (ref. figure 5-33). 
Detent signal should be slightly below, but not more than, —0.5V from base 
line when output at TP9 goes high. | | 
N.” Tighten the two mounting screws and recheck waveform. If necessary, repeat 
- alignment procedure. 
QO. Manually retract heads to Home position. 
P. Place RUN/LOAD switch to LOAD. 
Q. Place POWER ON/OFF switch to OFF. 
R. Reinstall Power Supply into Disc Drive. 
5.6.4.4 Injection Velocity Adjustment. The first portion of this Siecedute is accomplished 


with P15 of the SVA disconnected and the jumper between TP6 and TP4 installed. The second 


portion is accomplished with P15 connected and the jumper removed. Perform the following steps: 


599 @ > 


FAILURE TO PERFORM STEPS A THROUGH 
F CAN RESULT IN CATASTROPHIC DAM- 
AGE TO THE HEADS, MEDIA, AND POSI- 
TIONER MECHANISM. 


With POWER OFF, remove Servo Logic Board (SLB) from J4. 

Place scope probe on VELOCITY RAMP test point (TP2) on SVA. | 
Place POWER ON/OFF switch toON. 

Adjust INJECTION VELOCITY potentiometer (R127) to approximately 
—0.25V. 


5-64 


100/200 TPI 


WAN-1107/2-001 


POSITIONER 


CARRIAGE 


MOUNTING 
SCREWS 


INNER 


BLOCK 


Figure 5-34. Optical Detent Assernbly — Phasing Adjustment 
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Place POWER ON/OFF switch to OFF. 
Reinstall SLB in J4. 
’ Remove jumper between TP6 and TP4 on SVA. 
Connect P15 on SVA to J15. 
|. | Remove scope probe from TP2 on SVA, and connect a digital voltmeter from 
TP2 to ground. 
J. | Place POWER switch ON and RUN/LOAD switch to RUN. 
K. After heads load, readjust INJECTION VELOCITY potentiometer (R127) 
to —0.25V +0.01V if necessary. 
L. Remove digital voltmeter. 


= G mm 


5.6.4.5 Final Amplitude and Balance Adjustment. This procedure is accomplished using 
either a maintenance program or an Exerciser. Perform the following steps: 


On 200 TPI Disc Drives, remove jumpers K to L 
and M to N (temperature compensation) when 
performing the following adjustment: 


A. Connect channel 1 scope probe to DETEN SIG (TP5). 

B. Connect channel 2 scope probe to SEEK COMPLETE (SKC) signal on the 

Exerciser; or, if using a maintenance program, to TP1 of SVA. When using 

Exerciser, set scope to trigger internally on positive-going edge of SEEK 

COMPLETE (negative-going edge of SEEK COMPLETE when using TP1 

on SVA). 

Set scope sweep rate to 2MS/div. 

D. For 100 TPI Disc Drives only: Command alternate track seeks from track 000 
to 001. This should allow representation of the alternate seeks superimposed on 


O 


the scope — one a positive-going DETENT signal and the other negative-going 
as shown in Figure 5-35. Perform step F, then check for the same results while 
commanding alternate track seeks from track 201 to 202. 

E. For 200 TPI Disc Drives only: Command forward-incrementing single track 
seeks. This should allow representation of the incrementing seeks superimposed 
on the scope — one a positive-going DETENT signal and the other negative- 
going as shown in Figure 5-36. This representation after performing step F, 
should be the same from track 000 through track 405. 

F. Adjust BALANCE (R49) and AMPLITUDE (R53) potentiometers until the 
Detent signal is 10V p-p and balanced either side of ground within +0.1V. 
Replace temperature compensation jumpers if offset adjustment is not to be 
accomplished next. 
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CHAN 1 ON TP5 — DETENT SIGNAL CHAN 1 ON TPS — DETENT SIGNAL 
CHAN 2 on TP1 — SEEK COMPLETE (EXERCISER) CHAN 2 ON TP1 — SEEK COMPLETE (EXERCISER) 


INCORRECT ADJUSTMENT — OVERDAMPED RESPONSE CORRECT ADJUSTMENT — SLIGHTLY UNDER- 
WILL CAUSE POWER AMP TO OVER HEAT. DAMPED RESPONSE MAXIMIZES RELIABILITY. 


Figure 5«35. 100 TPI Drive — DETENT Waveform — Alternate One Track Seek 
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CHAN 1 ON TP5 — DETENT SIGNAL CHAN 1 on TP5 — DETENT SIGNAL 
CHAN 2 ON TP1 — SEEK COMPLETE (EXERCISER) CHAN 2 ON TP1 — SEEK COMPLETE (EXERCISER) 


INCORRECT ADJUSTMENT — OVERDAMPED RESPONSE CORRECT ADJUSTMENT — SLIGHTLY UNDER- 
WILL CAUSE POWER AMP TO OVERHEAT. DAMPED RESPONSE MAXIMIZES RELIABILITY. 


Figure 5-36. 200 TP! Drive - DETENT Waveform — Incrementing One Track Seek 
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5.6.4.6 Offset Adjustment. While doing alternate or single track seeks for 100 TPI or 200 TPI 
Disc Drives (respectively), center base line (ground ref.) of channel 1 to center of scope. 


On 200 TP! Disc Drives, remove jumpers K to L 
and M to N (temperature compensation) when 
performing the following adjustment: 


A. Set channel 1 scale to 0.2V/cm (actual value). 

B. Adjust OFFSET potentiometer (R130) for adjacent track overshoot (see 
CAUTION for overshoot) to be symmetrical above and below ground and less 
than 0.3V p-p in amplitude for Revision B and C (0.5V p-p for Revision A). 


THE OVERSHOOT IS THE DETENT SIGNAL 
AFTER SEEK COMPLETE. i.e, THE DETENT 
SIGNAL WHEN THE SCOPE IS TRIGGERED 
ON THE POSITIVE-GOING EDGE OF SKC 
ON TP1 (NEGATIVE-GOING EDGE OF SKC 
IF USING EXERCISER). 


REFER TO “A” IN FIGURE 5-35 AND 5-36; 
A SMALL UNSETTLED DETENT SIGNAL BE- 
FORE SEEK COMPLETE IS NECESSARY. 
ELIMINATION OF THIS UNSETTLED DE- 
TENT SIGNAL BEFORE SEEK COMPLETE 
WILL RESULT IN OVER-STRESSING POWER 
TRANSISTORS. 


C. Replace temperature compensation jumpers (K to L and M to N). 


5.6.4.7 Seek Complete Timing Adjustment, While commanding a maximum length seek 
(for 100 TPI or 200 TPI), perform the following: 


A. Set scope sweep rate to 10 msec/cm. 

B. Set channel 1 scale to 2V/cm. 

C. Trigger channel 2 of scope on negative-going edge of SKC if using TP1 on 
| _SVA or positive-going edge of SKC if using Exerciser. 

D. Adjust SPEED ADJ. potentiometer (R126) for seek length of 84 +1 msec 

on channel 2 as shown in Figure 5-37. 
E. Command the carriage to track O00. 
F. Adjustment of SVA Board is completed. 
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Figure 5-37. Waveform — Speed Adjustment 


5.6.5 RUN-TO-LOAD ADJUSTMENT 


To make the run-to-load adjustment, perform the following steps: 


A. Place the POWER switch in OFF position. 
B. Remove the Disc Contro! Board from card cage location J3 and insert the card 
extender in its place. Then place the DCB in the card extender. 
C. Ensure that the RUN/LOAD switch is in LOAD position and press the POWER 
switch. . 
D. Press the POWER switch. Install a disc cartridge and place the RUN/LOAD 
switch in RUN position. 
E. With the READY indicator lit, press the LOAD portion of the RUN/LOAD 
switch. Verify that the lamp inside the LOAD portion of the switch does not 
_ light until at least 5 seconds after the disc has stopped rotating. 
F. {f necessary, adjust RUN/LOAD Delay potentiometer R31 on the Disc Control 
Board until the proper delay time is attained. 
G. Shut off power, remove the card extender from location J3 in the card cage, 
and insert the DCB in its place. 
5.6.6 WRITE CURRENT ADJUSTMENT 


To adjust write current, perform the following steps: 


A. 


Place the unit on-line and use a Write Diagnostic program. If a bench-type Disc 
Exerciser is to be used, connect this unit to the Disc Drive as a substitute for 
the Write Diagnostic program procedure. 

Install a scratch cartridge as described in Section 2. 


5-69 


Ommo 


- x 


P. 


Press the POWER switch. Then place the RUN/LOAD switch in RUN position 


. and allow the spindle to come up to normal operational speed. 


Select the upper head of the removable (scratch) cartridge. 

Write an all-zeroes pattern at track O00. 

Place the POWER switch in OFF position. 

Remove the Read/Write head cable from receptacle J24 on the Data Electronics 
Board and connect the Write Current Adapter (WANGCO PN 101183) to J24. 
Connect the head cable to the Write Current Adapter. | 

Connect the oscilloscope channel 1 input probe from channel 1 to the wire 
loop on the Write Current Adapter. 

Press the POWER switch. Then place the RUN/LOAD switch in RUN position 
and allow the spindle to come up td normal operational speed. 

Using an offset screwdriver, adjust Write Current potentiometer R71 on the 
Data Electronics Board for a peak-to-peak waveform of 34 to 36 milliamperes 
while writing all zeroes to disc as shown in Figure 5-38. 

Access to the innermost track and verify that the peak-to-peak waveform is 
between 29 and 31 milliamperes. If necessary, adjust the write current poten- 
tiometer to bring the waveform within limits. The waveform should appear as 
shown in Figure 5-39. 

Access to track 000 and verify that the write current is between 34 and 36 
milliamperes. 

Place the RUN/LOAD switch in LOAD position. 

Place the POWER switch in OFF position and remove the Write Current Adapter. 
Reconnect the head cable to receptacle J24 when the Write Cable Adapter is 
removed. 

Replace the “‘scratch cartridge” with a new cartridge. 


5.6.7 DATA SEPARATOR ADJUSTMENT 


For units with potentiometer data separator adjustment at location D55 on the DIB Schematic 


Dwg. 301321 (Appendix C), perform the following steps. For units without adjustment, begin at 


Step F. All units must meet the optimum pulse width stated in the note following Step O. 


A. 
B. 


Place the POWER switch in OFF position. 

Remove the DIB from card cage Iccation J1 and insert a card extender in its 
place; then place the DIB board in the card extender. . 

Place the Disc Drive on-line and use a Write Current Diagnostic program to 
perform this test. As an alternative method, connect a bench-type Disc Exerciser 


to the Disc Drive. 
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Figure 5-38, Write Current Waveform — Track 000 
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Figure 5-39. Write Current Waveform — Innermost Track 
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. Insert a “‘scratch cartridge’ as described in Section 2. 
._. Press the POWER switch. Then place the RUN/LOAD switch in RUN position 
and allow the spindle to come up to normal operating speed. 
Connect the vertical input probe of the oscilloscope to test point D52 (at the 
input to the phase detector) on the DIB. Sync positive at the same test point. 
If the Disc Exerciser is used, program it to write a 2525 data pattern, then 
program the Disc Exerciser for a Read Only mode of operation. 
Set the Disc Exerciser (or diagnostic program) to override all errors. 
Set the leading edge of the pulse on the zero time-base reference line. 
Turn the pulse-width potentiometer at the output of the bi-directional one-shot 
counterclockwise until the ERR indicator on the Disc Exerciser is flashing. When 
the diagnostic program is used an equivalent indicator lamp must be substituted. 
Record the pulse width at this time. The display should appear as shown in 
Figure 5-40, 

- . WAN-0038 


Figure 5-40. Data Separator Minimum 


Turn the pulse-width potentiometer clockwise until the ERR light on the 
exerciser is flashing. 

Record this pulse width time. The oscilloscope display should appear as shown 
in Figure 5-41. 

Calculate the mid-point of time between the step K and step M times. Adjust 
the pulse width potentiometer for a pulse width equal to this calculated time 


as shown in Figure 5-42. 
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- Figure 5-42. Data Separator Optimum 


O. Run ashort Data Reliability test using the Disc Exerciser or place the Disc 
Drive off-line and run a Data Reliability program before shutting off power 
and replacing the SVA board. 
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5.6.8 -READ/WRITE HEAD ALIGNMENT 


5.6.8.1 Introduction. R/W head alignment involves adjusting the position of the head arms 
relative to the carriage after it has been accessed to a specific alignment track. 


The procedures outlined in the following paragraphs describe the alignment of both removable 
(cartridge) and fixed disc heads. The power supply must be in place to perform the precsdures 
correctly. 


5.6.8.2 Customer Engineer (CE) Alignment Cartridge Types. Either of two types of CE 
alignment cartridges may be used. The two types are: 


A. Cats Eye — The output waveform of this CE cartridge is two loops resembling 
cats eyes which must be adjusted until both loops are equal in length. See 
Figure 5-42a. | 

B. Tribit — This CE cartridge uses a technique which records two adjacent tracks 
with opposite polarity bits. Correct head alignment is (between these two 
tracks) when the adjacent bits are of equal amplitude (ref. figure 5-43b). 


6.6.8.3 Removable Disc Head Alignment Using Cat's Eye CE Cartridge. If only verification 
of head alignment is intended, perform steps E through J, and select first the lower head of the 
pair, then the upper while observing waveforms; then, perform steps P and Q. For head alignment, 
perform entire procedure. 


A. Place POWER switch to OFF position. For ST drives, see DCB switch setting 
chart on front of drive behind trim panel. If cartridge has only one notch on 
sector ring, set for INDEX ONLY. 

B. Slightly loosen the two cap screws used to secure the upper head pair clamp; 
the clamp itself should not be loose. 

C. Slide the upper (cartridge) pair of head arms fully to the rear of the mounting 
block slots of the carriage (away from the spindle). 

D. Ensure head arm adjustment screws are not touching the head arms. If they are, 
back them away (CCW), and repeat step C. - 

‘E. Connect both the SYNC input and CHAN 1 scope probes to REMIDX test 
point (TP1) on the DCB. Use 50 or 100 mV/cm with AC coupling. 
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Figure 5-43. Read/Write Head Alignment Waveforms (Removable Disc) 


PLACE THE PROT CART SWITCH TOON 
POSITION TO PRECLUDE THE POSSIBILITY 
OF ACCIDENTAL ERASURE OF DATA ON 


THE CE CARTRIDGE. 


Place POWER switch to ON, and RUN/LOAD switch to LOAD. Load the Cat’s 
Eye-type CE cartridge. . ii 
Place RUN/LOAD switch to RUN, and allow Disc Drive to.run for 15 minutes. 


The CE cartridge must have been in the same 


environment as the Disc Drive for at least 2 
hours prior to use. | | 


- 


Uncalibrate the scope, and adjust the display to show only two index pulses 
10 cm apart (full screen). | ; 
Move the CHAN 1 probe to R/W head test point (TP2) on the DEB in location J7. 
Using an Exerciser or Controller, seek to appropriate alignment track listed in 
Table 5-3. ; oo 

TABLE 5-3. CE Cartridge Head Alignment Tracks - 


| Alternate* 
CE Cartridge Disc Drive Alignment Track | Alignment Track 


a ; 


Cat’s Eye 105 ** | 200 
Cat’s Eye 73 146 
Tri Bit | | 105 200 
_ Tri Bit ame 73 146 


~* on some packs 
** Series F 100 TPI drives aligned to IBM 2310 standards have heads aligned 
at track 100 and index at track 095. A 


Select the lower R/W head of the cartridge disc pair. Check whether or not Head 
and/or Disc Select inverted options have been incorporated. If so, this should - 
be taken into consideration when checking output waveforms. 

Turn the adjustment screw for the lower R/W head clockwise until the correct 
waveform is obtained (ref. figure 5-43a). 
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M. Select the upper R/W head of the cartridge disc pair, and turn the adjustment 
screw clockwise until the correct waveform is obtained (ref. figure 5-43a). 

N.: .Use torque wrench (PN T-00425) to tighten the head clamp screws to 6 in-Ib. See 
Figure 5-44, | 

O. Access track 000, then once again, access the alignment track. Verify that head 
alignment has not changed during tightening of clamp screws. If necessary, 
repeat the alignment procedure. 

P. Place RUN/LOAD switch to LOAD, POWER switch to OFF, and reset DCB 
switch on Series T drives if moved. 

Q. Remove CE cartridge and disconnect test equipment. 


5.6.8.4 Removable Disc Head Alignment Using Tribit CE Cartridge. The procedure for head 
alignment with the Tribit CE cartridge is the same as for Cat’s Eye-type except for scope use and 
the use of a formula for figuring misalignment measurement. Use the following scope setup and 
formula to determine head misalignment. 


A. Trigger the scope internal (source channel 1). 
| f CAUTION i 


TRIGGER MUST NOT BE ON INDEX, OR 
ONLY ONE SEGMENT OF THE TRACK 
WILL BE ALIGNED. | 


B. Set vertical sensitivity to 50 mV/cm, and sweep to 2 usec/cm. 

C. Place CHAN 1 scope probe on R/W head test point (TP2) on the DEB, and adjust 
heads per paragraph 5.6.8.3 excluding scope setting instructions. Adjust for 
minimum difference in length between adjacent peaks (ref. figure 5-43b). 


The following equation may be used to determine head misalignment (ref. figure 5-43 b): 


BY 


. >a  * 1000 = microinches (misalignment) 
Y = 4 for 200 TPI Drives. 
Y = 7 for 100 TPI Drives. 
Example for 200 TPI Drive: 
A= 300 mV. — 
B=10mV. 
10x 4 


2x 300 - % 1000 = | a ; 
ay x1000= 


.066 x 1000 = 66 microinches 
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TORQUE ARM Se) 


NO, 4 FLAT WASHER 
: HEAD CLAMP (4) ~~ 
RECORDING HEAD On ¢ ; 


(“0" 2") | 7 


ae - 
Z& ake : IN. 
. : 


POINTER. WAN-1160 
CAP HD. SOc. SCREW (2) . 


= TORQUE 


WRENCH 


("1 ow 13"") 


© 


CORRECT -” INCORRECT 


(6.5-7.51N. LBS.) - (EXCESS TORQUE) 


Figure 5-44. Torque Wrench No. T-00425 Application 
my ; 
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5.6.8.5 Fixed Disc Head Alignment. If this alignment is to be accomplished independently 
(not preceded by alignment of the cartridge disc heads), and if data on the disc is not to be re- 
covered, perform steps A through E of the following procedure. If data previously written on the 
fixed disc is to be recovered, perform the entire procedure. | 


A. 
B. 


a 


Place POWER switch in OFF position. | 

Loosen the two cap screws used to secure the head clamp of the fixed disc R/W 
head pair just enough so heads can be moved. 

Slide the two lower head arms fully back (away from the spindle) into the head 
mounting block slots. Ensure that the head arm adjustment screws do not touch 
the head arms. os 

Slowly turn each screw clockwise until it just touches the head arm; then. turn 
each screw clockwise one-half turn.’ | 

If the remainder of the procedure is not to be performed, use the torque wrench 
(PN T-00425) to tighten the head clamp screws to 6 in.-Ib. (ref. figure 5-44). 

If data on the fixed disc is to be recovered, the head position will be changed as 
described in the following steps until data on the fixed disc can be read accurately. 
This procedure may be performed On-Line. 

If Controller is not to be used, install an Exerciser. 

Place POWER switch to ON position. Install a scratch cartridge. Place RUN/ 


‘LOAD switch to RUN. 


Connect CHAN 1 scope probe to R/W head test point (TP2) on the DEB. Sync 
at the REMIDX test point (TP1) on the DCB. _ 

Select the upper head of the pair, and turn the adjustment screw clockwise until 
the R/W signal (TP2) is maximum amplitude.. 

Alternately position the heads further in or out with the adjustment screw to 
obtain minimum Read errors. If track 000 data does not verify, or is not what 
it should be, the head may have been adjusted off track or to an adjacent track. 
Repeat adjustment until data verifies and no errors occur during Read operation. 
Select the lower head and repeat the adjustment procedure using the lower 
head adjustment screw. 

Tighten the head clamp screws to Gi in.- Ab: 

Disconnect all test equipment. 

With the Disc Drive On-Line, check data. POCONSNY, characteristics on all tracks. 
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5.6.9 


INDEX ALIGNMENT 


A. 


B. 


C. 


D. 


E. 
F. 


G. 


H. 


J. 


K. 


i 


For Series T “index slot only”’ CE packs, move 
the jumper for index only from points G and H 
to points F and H on the Disc Control Board — 


in n card cage location J3. 


Place the POWER switch in OFF position. 
Remove the Data Interface Board from card cage location J1 and insert the 


Field Exerciser board in its place. 

Connect the SYNC input of the oscilloscope to the index test point TP1 on the 
Disc Control Board. Set the vertical sensitivity for 50 mV/cM or 100 mV/cM 
with AC coupling. 

Connect the oscilloscope vertical input probe to R/W test point TP2 on the Data 


Electronics Board in location J7. 


Select a time base of 5 microseconds/division. 


. Place the CART PROT switch in up (ON) position. 


Press the POWER switch. Insert the CE cartridge. The cartridge must have been 
in the same ambient conditions as the Disc Drive for at least 2 hours. 
Place the RUN/LOAD switch in RUN position and allow the unit to run for 


5 minutes. 


_Access the carriage to the appropriate track as defined \(ref. table 5-3). 


Adjust index alignment potentiometer R8 on the Disc Control Board in card cage 
location J3 to obtain the specified time relationship for the appropriate wave- 
form as shown in Figure 5- 45. Ensure that the oscilloscope is Belg triggered on 
the leading edge of the index pills: 

Select the other R/W head and verify that the oscilloscope display on both heads 
is within +10 microseconds of each other (1500 rpm) or 6 microseconds (2400 
rpm). . 
Adjust the delay by turning potentiometer R8 so that the single pulses (upper 
and lower heads) are equally spaced to the left and right-hand sides of the 30- 
microsecond line (1500 rpm) or the 19-microsecond line (2400 rpm). 
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WAN-0008 


Figure 5-45, Index-to-Data Alignment 


If the specifications noted in step K can not be attained, the R/W heads should 
be replaced. If replacement by heads known to be functioning normally will not 


produce satisfactory operation, replacement of the positioner is indicated. 


If both heads can not be adjusted to the correct position with respect to the 
index pulse, either the transducer or the DCB components should be investigated. 


[aor] 


In Series F Disc Drives, additional adjustment 
may be attained by shifting the transducer 
block (refer to paragraph 5.6.3.3). 


After completion of the index alignment, remove power from the Disc Drive and — 
take out the CE Cartridge. 
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P. Remove the Field Exerciser board from card cage location J1 and insert the Data 
. Interface Board. Remove all test equipment. 
Q. On Series T Disc Drives, re-jumper the DCB if changed for this alignment. 


5.6.10 TEMPERATURE COMPENSATION CHECKS 


This procedure is used with 200 TP! Disc Drives only since temperature compensation is not 
incorporated on 100 TPI Disc Drives. To perform this check, perform the following steps: 


Place the POWER switch in OFF position. 

B. Remove the Data Interface Board from card cage location J1 and insert the 
Field Exerciser board. 

C. Remove the Servo Amplifier Board from card cage location J5, insert a card 
extender in its place, and put the SVA board in the card extender. 

D. Press the POWER switch; then place the RUN/LOAD switch in RUN position 
and allow the spindle to come up to operational speed. 

E. With the Field Exerciser incrementing or decrementing one track at a time, 
verify that the base line of the detent signal is not changing level on any track. 


Step E can be verified only if jumpers are removed 
from points K-L and M-N on the Servo Amp- 
lifier board. 


F. To perform the temperature compensation check: 
1) Access to track 400. 
2) Measure the voltage at pin 12 of connector P5 on the SVA board. The 
voltage should be between +2 and +4 V. DC. | 
3) Measure the voltage at pin N of connector P5. Voltage should be within 
+10% of the value given by the formula: | 


V pinN=5(V pin 12) —13.3 
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4) Measure the voltage at pin P of connector P5. This voltage should be twice 
the value measured at pin N in step 3, but negative. Reference the formula: 


V pin p= —2 (V pin N) 
5) Access to track 200: 
V pinp = —1 (V pin N) 


6) Access to track 000: 
V pinP=0 


7) Install temperature compensating jumpers on K to Land MtoN on the 
Servo Amplifier Board. | 

8) Program the Field Exerciser for an incrementing one-track Seek operation 
and watch for base line shift. 

9) The voltage level shift at track 400 should be equal and opposite from that 
at track 000. Adjacent odd and even tracks should have essentially equal 
and opposite voltages (e.g., tracks O00 and 001, tracks 400 and 401, etc.). 

G. Press the POWER switch. Remove all test equipment. 
| 
H. Remove the Field Exerciser board from card cage location J1 and insert the 
Data Interface Board. 
|. | Remove the card extender from card cage location J5 and insert the Servo 


Electronics Board. 
5,7 TROUBLESHOOTING TABLE 
Use Troubleshooting Table 5-4 as an aid in identifying, locating and correcting possible malfunctions 
of the more common type. The last (Remedy) column on the table specifies the applicable com- 


ponent or circuit to be checked for probable cause of the symptom. 


Part numbers for replacement parts or assemblies will be found in the Illustrated Parts List for 
mechanical and electronic components and subassemblies. 
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TABLE 5-4. Fault tsolation Chart (continued) 


Probable Cause 


POWER indicator lamp 
does not light when 
switch is pressed 


LOD indicator does 
not light when POWER 
switch is turned on 


Handle dces not un- 
lock when unit is 
powered up 


LOAD indicator lamp 
does not go out and 
handle does not lock 
whien RUN portion of 
RUN/LOAD switch 

is pressed 


Line cord disconnected 


Line fuse open 
Line filter open 
+18V. DC fuse open 


POWER switch and/or 
indicator/amp defective 


Bad connection at OCP 
or at P10 from power 
supply 


LOAD indicator bad 


OCP cable loose 


+5V. DC absent 


+13V, —13V inputs 
absent 


Defective component on 
Disc Control Board 


Brush switch S6 defective 
or plug P11 not seated on 
Interconnect Board 


Solenoid plunger caught 
on latch 


Defective component on 
Power Regulator Board 


Solenoid open 
RUN/LOAD switch de- 
fective, or poor connection 
at plug P8 


Cartridge interlock switch 
misadjusted 
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Plug in line cord 

Replace line fuse F4 

Replace line filter on rear panel 
Replace +18V. DC fuse F1 


Replace power switch and/or 
indicator lamp 


Reseat connector P8, or connec- 
tion P10/J10 from power supply 
Replace indicator lamp 


Reseat connector P8 


Check +5V. DC fuse F3 


Reseat Power Regulator _ 
Board in J6 


Replace Disc Control Board 


Replace brush switch or reseat 
connector P11 on Interconnect 
Board 


Readjust door latch mechanism 

Replace Power Regulator Board 
Replace solenoid 

Replace switch S2 or reseat plug 


P8 on cable from OCP 


Adjust or replace SQ, 


TABLE 5-4. Fault Isolation Chart (continued) 


. Symptom | Probable Cause Remedy 
5 | Disc does not start +18V. DC absent Check +18V.DC fuses F1 and F2 
to turn when RUN 
portion of switch is : Check P8/J8, P10/J10, 
pressed a P19/J19 and P18/J18 
Defective spindle drive Check connections to, or re- 
circuit boards place Motor Drive Power 


Switch Board, Spindle Drive 
Regulator Board, or Com- 
mutator Board on spindle 


Defective spindle motor Replace spindle assembly 
‘6 | READY indicator If heads do not load, brush | Check operation of brush 
does not light after cycle may not have been motor, driver chip U3 on 


completion of initial completed Power Regulator Board, brush 
cycle . motor S6 and brush motor 
cam linkage 


If heads do not load, spindle | Check +13V. DC and —13V. DC 


may not have come up to outputs on Power Regulator 
speed Board and connections on P18. 
Lack of input to Disc Verify that transducer is plugged 
Control Board into connector P12 on Inter- 


connect Board and that out- 
put is normal. If so check for 
‘loose or broken O-ring belt. 
If o.k., replace Disc Control 


Board 
If heads do not load, but Verify that connector P15 is 
brush cycle and spindle plugged in at SVA board, and 
speed are o.k., may have that P16 is plugged in at power 
poor connection in positioner! supply 
harness 


If heads do not load, but . Replace Servo Logic Board 
other symptoms are normal, 
may have defective Servo 
Logic Board 


If heads do not load, other Replace Servo Amplifier Board 
indications are normal and 
replacement of Servo Logic 
Board does not correct 
trouble, Servo Amplifier 
Board may be defective 
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TABLE 5-4. Fault Isolation Chart (continued) 


Probable Cause 


lf heads load, READY lamp | Replace READY indicator 
may be defective lamp 


Symptom 


If heads load, READY lamp 
driver defective 


Replace driver chip U3 on 
Power Regulator Board 


If heads load, defective !C 
on Control Interface Board 


Replace Control Interface 
Board 


READY indicator goes 
out after completion of 
initial cycle and success- 
ful operation of unit 


Defective lamp Replace indicator lamp 


Defective lamp driver Replace or check chip U3 on 


Power Regulator Board 


Defective IC on Control 
Interface Board 


Replace Control Interface 
Board 


If heads also retract, READY 
indicator may be following 

a valid or invalid indication 
such as: 

1) Low spindle speed 

2) Current sense 

3) AC loss 

|4) DC loss 


Fault indications may be 
isolated by observing the 
characteristics of these signals 
and the generated outputs on 
the Disc Control Board. If 
abnormal, replace DCB 

(refer to Section 4) 


Reseat connector or terminator 
assembly on I/O Connector 
Board 


Interface cable or line 
terminator may be loose at 
the |/O Connector Board 


Disc Drive will not 
respond to external 
position commands 


UNIT SELECT switch in 
wrong position 


Reset switch S3 


Defective receiver(s) on 
1/O Connector Board 


Replace |/O Connector Board 


Reinsert cable connectors or 
replace cable 


Interconnect cable from 1/O 
board to Data Interface may 
be loose or damaged 


Defective IC on Control 
Interface Board 


Replace Control Interface 
Board 


Defective component on 
Servo Amplifier Board 


Replace Servo Amplifier 
Board. Check signals (refer 
to Section 4) 
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Item 
9 


10 


TABLE 5-4. Fault Isolation Chart (continued) 


Symptom 


Probable Cause 


Previously recorded data| Heads dirty or head con- 


can not be read out 


Data error rate too 
high 


nectors not properly seated 


READ ENABLE line 
inoperative 


HEAD SELECT or DISC 
SELECT line inoperative 


READ DATA or READ 
CLOCK line inoperative 


Data timing misadjusted 


Fixed disc transducer mis- 
adjusted or defective (if 


-} errors on fixed disc only) 


Defective component in 
analog read data chain 


Defective component in 
digital read data chain 


Cartridge, heads, or fixed 
disc dirty 


Dirty or damaged air filter 


Write current misadjusted 


Data separator timing mis- 
adjusted 
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Clean R/W heads or reseat 
heads in Data Electronics 
Board 


Check for high signal on Data 
Interface Board. If present, 
replace Data Interface Board 


Check for high inputs on 
Data Electronics Board. If 
present, replace DEB 


Perform the data separator 
adjustment (ref. paragraph 
5.6.7). If no READ DATA 
input, replace Data Interface 
Board 


Readjust pulse width poten- 
tiometer on Data Interface 
Board 


Perform fixed disc index/ 
sector transducer adjustment 
(refer to para. 5.6.3.2). Re- 
place transducer 


Replace Data Electronics 
Board. Check write current 
(refer to para. 5.6.6) 


Replace Data Electronics 
Board and perform data 
separation check (refer to 
paragraph 5.6.7) 


Replace cartridge, clean heads 
and fixed disc 


Check and replace air filter 


Perform write current check 
(paragraph 5.6.6) 


Perform data separation check 
(paragraph 5.6.7) 


Item 


10 
(con't) 


11 


12 


TABLE 5-4. Fault Isolation Chart (concluded) 


Symptom 


Positioner will not 
retract upon pressing 
the LOAD portion of 
RUN/LOAD 


LOAD indicator will 
not light and/or will 
not release door after 
completion of stop 
cycle 


Probable Cause 


Bad spindle or blower Replace grounding brushes 
grounding brushes 


Servo not settling-properly Perform SVA adjustment | 


(para. 5.6.4) 


Defective component in 
read data chain 


Replace Data Electronics 
board and perform write 
current check (5.6.6) 


Defective component in 
digital read chain 


Replace Data Electronics 
board and perform data 
separation (5.6.7) 


If READY indicator does 
not go out, RUN/LOAD 
switch defective or Disc 
Control Board is defective 


Check operation of, or re- 
place RUN/LOAD switch or 
replace Disc Control Board 


If READY indicator goes 
out, bad SVA board or 
Emergency Retract Board 


Replace Servo Amplifier 
board or Emergency 
-Retract Board 


Defective component on 
Disc Control Board or 
Power Regulator Board 
(probably driver) 


Replace Disc Control or Power 
Regulator Board 


Defective lamp Replace indicator lamp 


Defective solenoid Replace solenoid 


Readjust solenoid latch 
mechanism 


Solenoid plunger caught on 
latch 
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5.8 SIGNAL DISTRIBUTION TABLE FOR DISC DRIVE 


The signal distribution Table 5-5 on the following pages is an alphabetical compilation of logic 


signals in the disc drive system. For any given signal, the distribution to the various circuit boards 
is tabulated, which offers a considerable convenience in signal tracing. In addition, the signal 
origin and destination is indicated as follows: 


A.  @ signifies that the signal is generated in the circuitry of the assembly listed at 
the top of the particular column. 

B. * signifies that the signal is furnished to the circuitry of the assembly listed at 
the top of the particular column. 


This table is furnished as an aid, not as a formal document. Any question as to the accuracy of a 
given entry should be resolved by consulting the corresponding circuit schematic in Appendix C. 
Also refer to Tables 2-1 and 2-2 for a brief description of each input and output signal. 


Refer to Table 6-5, Glossary of Mnemonic Terms, for a description of each input and output signal. 


; 
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SIGNAL 
DESIGNATION 


AC IN 


AC LOSS 
ATTENTION 
AD 256 

ADD ACK 
ADD 1 

ADD 2 

ADD 4 

ADD 8 

ADD 16 

ADD 32 

ADD 64 

ADD 128 

ADD 256 
ATTENTION 0 
ATTENTION 1 
ATTENTION 2 
ATTENTION 3 
BM ON (+) 


BRUSH MOTOR 


RESTORE 

DC LOSS (-) 
DLY SK (-) 
DIF.256/128 (+) 
DDAC 

TCDAC 

TCV 

DET ODD (-) 
DET EVEN (—) 
SERVO MOTOR 
RELAY COIL 
DET EN (+) 
COARSE SERVO 
ENABLE (-) 
DATA CLK 


BEGINNING OF 
TRAVEL PULSE (—) 


DISC SEL 
ERASE 
ERASE GATE 
FIDX 
FSTR 
FWD (-) 

“F DISC WRT 
PROT SW 
HD SEL 


LIGHT SOURCE 


BRUSH MOTOR 
ON (-) 
IDX 

ILL AD 

ILL ADD (+) 

LD HD (—) 


TABLE 5-5. Signal Distribution (continued) 
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590 =: 


SIGNAL 
DESIGNATION 
SOL 
LOAD IND 
ODD (+) 
DETENT MODE (+) 


TRK OFFSET 
FWD. 


TRK OFFSET 
REV. 


SERVO AMPLIFIER 
OUTPUT RELAY 


POWER SUPPLY 
GROUND 


PSEUDO SECTOR 2000 


R DISC WRT 
PROT SW 


RD DATA 

RD DATA 1 

RD DATA 2 

RD EN GATE 

RDY 1 

RDY L 

| READY 

READY INDICATOR 


BEGINNING OF 
TRAVEL 


RIDX 

RSTR 

RTZ (+) 
RUN/STOP 
RUN (-) 
RETURN ZERO 
SAC 1 

SAC 2 

SAC 4 

SAC/8 F IDX 
SAC/16 F STR 
POSITION CHANNEL 


POSITION COMMON 
SECTOR IN (FIXED) 
SECTOR IN (REM) 
SECTOR RTN (FIXED) 


SECTOR RTN (REM) 


SEEK COMP 
SEEK INCOMP 
SEEK STROBE 
SEK COMP 
SEL 1 


SEL 2 


SK (+) 
SOL 
SOLENOID 


1/0 BRD 


J21-41* 


J21-40* 


J21-25* 


J21-27* 


J21-39* 


J21-7* 


J21-17* 
J21-18* 
J21-19* 
J21-20* 
J21-21* 


J21-9* 
J21-33* 
J21-46* 
J21-43* 
J21-44* 


TABLE 5-5. Signal Distribution (continued) 
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WAN-0377/2 


1/0 ® 
CABLE 


1/O* 


CABLE OTHER 


LOAD INDICAT* 


: 


P22-37 


POSIT. 
TRANSDUCER ® 


POSIT. 
TRANSDUCER ® 


WRT 
PROT SW® 


P22-11 
READY LAMP* 


OPTICAL POSIT. 
TRANSDUCER® 


RUN/STOP ® 
SW — OCP 


P22-4 
P22-2 
~ P22-26 
P22-1 
P22-3 
OPTICAL POSIT. 
TRANSDUCER @ 
OPTICAL POSIT. 
TRANSDUCER ® 


MAGNETIC ® 
TRANSDUCER 


MAGNETIC ® 
TRANSDUCER 


MAGNETIC @ 
TRANSDUCER 


MAGNETIC ® 
TRANSDUCER 


P22-16 
P22-15 


UNIT SEL 
SWITCH ® 


UNIT SEL 


SWITCH @ 
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PACK INTER. 
SOLENOID * 


‘SECTION 6 


LOGIC 


6.1 SCOPE 


This section contains: (1) flow diagrams, (2) a list of all integrated circuit chips used in 

system circuits, (3) a description of the logic used in the Disc Drive with related data, and 
| (4) a glossary of mnemonic terms. See the appendices for the Illustrated Parts List and the . 
Engineering Drawings and Schematic Diagrams. 


6.2 INTEGRATED CIRCUIT REFERENCE — 


Table 6-1 lists the integrated circuit chips used in the 100 TPI and 200 TPI Disc Drives. 
This table lists both WANGCO and commercial part numbers, type of logic, and the 
function performed by each chip. . 


6.3 KEY TO LOGIC SYMBOLS 


In several portions of this manual, similarly in Section 4 and on the schematic diagrams 
- in Appendix C, logic symbols are used to represent certain logic functions or integrated 
circuit elements. The basic logic symbols include: 


a | This inverter symbol is used to signify all functions that produce 
outputs proportional to the input such as a change in power levels, 
signal swings, level shifts, etc. 


b. BD) This symbol signifies an AND gate. 

c: bp This symbol signifies an OR gate. 
The basic gate circuits are drawn in such a manner that the. activity of signals can be 
traced through the logic diagrams in terms of HIGH (+2.4 to 5.0V.) and LOW (0 to O.5V.) 


by examination of the input and output of the logic symbol used. If the active level is 
LOW, a small circle is not used. 
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WANGCO P/N 


100108-001 
100234-001 
100328-001 
100329-001 
100330-001 
100332-001 
100333-001 
100339-001 
100341-001 
100344-001 
100345-001 
100347-001 
101009-001 
101011-001 
101012-001 
101013-001 
101017-001 
101018-001 
101019-001 
101020-001 
101021-001 
101022-001 
101023-001 
101024-001 
101026-001 
101029-003 
101031-001 
101032-001 
101088-001 
101 139-001 
123001-001 
123023-001 
123025-001 
123027-001 
123032-001 
123035-001 
123036-001 
123037-001 
123040-001 
123046-001 
123050-001 
125000-001 
125005-005 
125005-006 
125005-008 
125007-006 
125009-001 


TABLE 6-1. Integrated Circuit List 


COM'LP/N TYPE FUNCTION 


Voltage Regulator 

Dual Monostable MV 

Quad 2-Input NAND 

Quad 2-Input NOR 

Hex Inverter 

Quad 2-Input AND 

Triple 3-Input NAND 

Dual J-K Flip-Flop 

Quad 2-Input Exclusive OR 
Dual Volt. Control MV 

Phase Freq. Detector 

Quad 2-Input NOR Bus Rec 
Triple 3-Input AND 

Quad 2-Input NAND H.V. 
Quad 2-Input OR 

4-Bit Binary Full Adder 
Quad 2-Input Multiplexer 
5-Bit Comparator 

Up/Down Decode Counter 
Up/Down Binary Counter 
Operational Amp. 

Voltage Comparator 

Timer 

Bidirectional One-Shot 

Dual Operational Amp. 
Analog Switch 

Dual Periph. Pos. NAND Driver 
Video Amp. 

D/A Converter 

Dual Periph. - AND Driver 
Hex Inverter Schmitt Trigger 
Dual D Flip-Flop Shotky 
4-Bit Binary Counter, Sync 
Quad 2-Input NOR, Bus Rec. 
Quad 2-Input AND, LP Shotky 
Quad 2-Input OR, LP Shotky 
Quad D Flip-Flop, LP Shotky 
4-Bit BCD - to - Decimal Decoder 
Quad 2-Input Mux., LP Shotky 
Hex Inverter, Shotky 

Quad 2-Input AND, Shotky 
Triple Line Receiver 

Voltage Reg. — 5V@.5A 
Voltage Reg. + 6V @.5A 
Voltage Reg. £ 8V. @.5A 
Voltage Reg. —6V. @ .5A 
Operational Amp., Precision 


All of the logic symbols used in a logic diagram are shown with the levels required to activate 
the device; that is, the symbols show what level or levels are required at the input to obtain 
the level: shown at the output of the device. For example: Figure 6-1a. shows an OR gate 
symbol with small circles at the input and no circle at the output. This indicates that if 
either or both inputs are low, the output will be high. 


An AND gate is shown in Figure 6-1b. Absence of the small circle at the inputs and the 
presence of the small circle at the output indicates both inputs must be high to obtain a 


low response at the output of the gate. 


Figure 6-2 shows a logical NOR gate which represents what the D output will be at +5Volts 
(TRUE state) when any combination of inputs A, B, and C are Low (FALSE). 


WAN-0579 
a. | b. 
Figure 6-1. logic Example 
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B 2 XXX a .D D=A+BtC 
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LOGIC SYMBOL LOGIC EQUATION 


Figure 6-2. Logic Symbol Example 


6-3 


The single-shot produces a positive going pulse at the ‘1’ output and a negative going 
pulse at the “0” output, and these are initiated at the time that the input pulse tran- 
sitions to its TRUE state. 


Table 6-2 shows typical logic symbols used in this manual. 


Figure 6-3 consists of flow charts showing various modes of operation. 
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HIGH IN 
LOW OUT 


<> 


EITHER OR BOTH INPUTS LOW 


> 


LOW IN 
-HIGH OUT 


a i 


BOTH INPUTS HIGH 
OUTPUT LOW OUTPUT HIGH 


WIRED “OR” 


BOTH INPUTS HIGH EITHER OR BOTH INPUTS LOW 
OUTPUT HIGH OUTPUT LOW 


846, 7400 
858 


DEVICES 


7418 


844 
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; 


BOTH INPUTS LOW 
OUTPUT HIGH 


: 


BOTH INPUTS LOW 
OUTPUT LOW 


Y 


ALL INPUTS HIGH 
OUTPUT LOW 


= HP ons 


ALL INPUTS HIGH 
OUTPUT LOW 
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SYMBOLS 


ms 0 


EITHER OR BOTH INPUTS HIGH 
OUTPUT LOW 


wae 


EITHER OR BOTH INPUTS HIGH 
OUTPUT HIGH 
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ANY OR ALL INPUTS LOW 
OUTPUT HIGH 


= om 


ANY OR ALL INPUTS LOW 
OUTPUT HIGH 
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has Completed Cycle 


. Yes 
; No 
LOAD Light On 
Latch Assembly Actuates 
| Yes 
Remove/Replace : 
Cartridge | | 


Figure 6-3. Turn-on/Start/Stop Cycles Flow Chart 
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[ ieee A a | 
ee: ee |e a 
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7 rete ee ie ee ee ee 
ni: IR Gat ie el ee, 
a ae | De eee et 
= eee EE A ee ee aS 
EE ————— 
SE eee eee eee | ee es ee 
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FORM 209 (R,12/74) 


| D-30 INTERFACE. NO COUNTER, INDIVIDUAL LINES.” _ D120 
‘ \ WANGCO - ‘MATERIAL LIST : 
ELS] WS nconronsren SS _301035-005 _ 
a ASSY. CONTROL INTERFACE PWB. ope, 2OOTPL are 4/23/75 suey 1 op 1 
= i : 
2/3 [Ge] ___osonwrion | _vanrno. reas WAN] nenanes 
< S z | NEXT ASSEMBLY/USED ON 


| 


USE MATERIAL LIST | 301035-000 
AND ADD/DELETE THE FOLLOWING:- | 


| 46| Capacitor. .0068uf | 100165-682 | C2. Add. 
Capacitor. 820pf | 100243-321 | 1 Add 


> 
(9 


q a 


Wire, Jumper. 300648 Jumper J1 A to B d 
Jumper J2 WW to YY Ad 
Jumper J3_ G to H d 
Jumper J4 GG to HH 

dumper J5 L toM 
Jumper J6 KK to MM - Ad 
Jumper _J7 PP to SS Ad 
Jumper J8 CC to EE Ad 
Jumper J9 BB to Z Ad 
Jumper J10 AA. to W Ad 
Jumper J11 U to V Ad 


umper J12 P toR Ad 


> 


Oo 

= 

je°) 
=> 


BIA A7- 


e 
> 
ral 
a fa fo jo 


Q. 
on comm ros 


oO. 


, 


qa 


; 


Qa. 


| > 
~~ 
70 


Jumper J13 UU to VV Add 

2 eee 

= = aaa 

= ree 

i eee 

as a a 

= ie 

a ae area, 

es a Serene, 

i i rrr 

ee eS eae 

ce ae renee: 

i he er 

(a a rea 

a a ene 

Oe ot ree 

8-131 i ee See 
FORM 209 (R.12/74) : 7 . oe 


PART NUMBER 
301035-006 


oS tt 
ise) fone | 


4 
~ 
nm 

t 
A) 

= 

ra < 
uw . 
ay 
© 
a i 
aS 


| © weer MATERIAL LIST 


C-300/200 Interface. No Counter Individual Lines. ra 


pr 


titte -ASSY. CONTROL INTERFACE PWB. #=§ mover —__Disc, pate 2/21/75 sneer L. ofr L_ 


: T_T MIN. | ACT. 


NEXT ASSEMBLY/USED ON 
USE MATERIAL LIST | 301035-000 
AND ADD/DELETE THE FOLLOWING: - 


| 0165-682 
0243-821 


Capacitor. . 0068uf 
Capacitor. 820pf 


: 


1 


™NS 
Oro 


OO 
— §|M 


g 


Jumper Jl from Ato Cj 
Jumper J2__ "WW to Xx | 
Jumper J3 " Gtoud# : 
Jumper J4 =" HH to Jd | 
| Jumper J5 u L_to M | 
Jumper J6" KK to MM .f 
Jumper J7 =" PP to SS 
Bumper J8 _" _EE to CC 

Jumper J9 " BB to Z 
Jumper J10_" AA toW _ | 
Jumper J1]1 " Uto V _ | 
Jumper JI2"  NtoR = | 
Jumper J13  " UU to VV. 


Wire, Jumper. 300648 A/ 


' 


FORM 209 (R.12/74) 


i NO COUNTER INDIVIDUAL LINES 7 Lue 
D-40 INTERFACE. aL Hy, 


the? INCORPORATED po ng ee - 301035-007 - 


DATE 4/23/75 sHeet —L of 1 


A 


PART NUMBER 
301035-007 


MODEL ___200TP I 
MIN. | ACT. 
DESCRIPTION pantNo. |reao| Meviacy.| __—=REMARKS 


a 
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m 
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Oo 
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= 
— 
m 
wa 
m2 
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‘) 
m 
uv 
= 
low) 


| | |_____ NEXT ASSEMBLY/USED ON | 

USE MATERIAL LIST | 301035-000 TT S™~—SSCSCidY 

AND ADD/DELETE THE FOLLOWING: - , | seca! 
Bo) (Gata cameron 
ASS 8. 300648 Jumper Jl A to B Add 
| Ee eee, Jumper _J2 WH to ZZ Add 
ea (Cae eee EA Jumper_J3_G to J Add 
St el Se ee Jumper J4 GG to HH Add 
i | i eee Jumper _J5_L_to M Add 


Jumper J6 KK to MM Add 
Jumper J7 RR to SS Add 
Jumper J8 CC to EE Add 
Jumper J9 BB to Z Add 
Jumper _J10 AA to W_ Add 
Jumper Jil _U to y___Add 
Jumper J12 N-to R Add 
Jumper J13 UU to VV Add 


. a > 
7 


B-133 


wv 
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i 
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fo] 
x 
X 
a 
= 


. 


FO 


VLuue 


. 301035-008 


rirte ASSY. CONTROL_INTERFACE PWB. = ope, — 2OOTPY are 4/23/75 seer 1 1 


ene OF annie 


MI MIN. | ACT. —o 


USE MATERIAL LIST | 301035-000 
AND _ADD/DELETE THE FOLLOWING: - 


D-40 INTERFACE. SECTOR COUNTER, MULTIPLEX LINES. 


q 


~w, “Y WANGCO 


MATERIAL LIST 


A 


INCORPORATED 


301035-008 |. 
2 
oO 


= : 
m 


PART NUMBER 


i 
i 


ci 


=f 


APPROVE 


309648 


> 


> 
: Qa. 
jon Fes 


oun nes 
ol Foe 


—_ 


| DATE 
st 4 


49} Wire, Jumper. 


Cc 
oa. 


umper J2 WW to ZZ Ad 
umper J3 G to J Ad 
umoer J4 GG to HH Ad 
Jumper J5 L to M 


Oo 
by ong 
{do 
CG. 
a. 


Cc 
jon 


| Jumper J6 KK to MM Ad 
Jumper J7 PP to SS 
Jumper J8 DD to EE 
Jumper J9 BB to Y Ad 
Jumper J10 AA to X Ad 


Jumper J11 T to U Addj 
dumper J12 N.to R Add 


Jumoer J13 UU to VV Add| 
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Cd-22 INTERFACE. SECTOR COUNTER, MULTIPLEX LINES. 


é We | MATERIAL LIST 


. 301035-009 


TITLE ASSY. CONTROL INTERFACE PWB. "MODEL 200TPI]_ soa 4/23/75 sueet 1 1 


DESCRIPTION PART NO. [reco] Mi TACT] REMARKS | 
NEXT ASSEMBLY/USED ON 
USE MATERIAL LIST | 301035-000 , 
AND ADD/DELETE THE FOLLOWING: - — 


46 1oo16s-632 | 1 | | | c2._ add. 
7| Capacitor. 820pf |100243-321 | 1 | | | c18. Add. 
ee a ie 


Wire, Jumper. 300648 lAyR} | | dumper J1_ A to C Add 


PART NUMBER 
301035-099 


Be | Ker-2r] 


| 

i aes a ie Jumper J2 WW to XX Add 
2 eae | | | | dumper u3_@ to H Add 
ia i Jumper _J4 HH to JJ Add 
a: Sara | a or ee Jumper J5 K to M Add 
oe a eae ||| faumper v6 KK to MM Ada 
Se ae eee | | | [dumper 97 PP to SS___Add 
a ir || tf umper 8 00 to EE Add 
= ara ; | | | Jumper J9 BB to Y _ Add: 
2 Sere eee i oe ae Jumper J10 AA. to X Add. 
2 aaa | tt foumer a1 T tou Add 
i iia ‘ oe ae Jumper J12 Not Used. Add 
re 1 [7 [oumper 13 uu to wad 
2 rrr eee | tf 

Se ee eae [Ee See ee ae 
a ees ze a ee 

— areas (ame ae ae 
ira ie ae ee 

i rr feels A eal 

ee raion) oe ae 

= Seas a 

ee ae ae ers (es ea 

a eee a a 

it eae lees a, = oe 

_ aa ae Ee oe ee 

ol aan ae ee ee 

ee eee mn: Die < ee Dew (ee 


FO 


a 
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Pe) 
saat 
v 
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= 


HEAD SELEUI INVERTED. 2 
INTERFACE D-30. SECTOR COUNTER MULTIPLEX LINES. DISC SELECT INVERTED. 9120 


\ ) WANGCO - "MATERIAL LIST ee 
1 eee —— 301035-012 PA | 


A 


rite ASSY. CONTROL_INTERFACE PHB. — aigne, — 200TPI_ pare — 4/23/75 sucep 1 op 1 


mn EE RT A ce AE SSP nA eT CRE IE 
T MIN. | ACT. 
e DESCRIPTION PARTNO. fread] ev{rcv.] _—=REMARKS 
NEXT ASSEMBLY/USED ON 
301035-000 


= 


PART NUMBER 
301035-012 


USE MATERIAL LIST 
AND ADD/DELETE THE FOLLOWING:- 


st hh eee 
&, roo165-632 | 1 | |__| c2._Add, 

J 109243-821 op C18. _Add. 

¢ [49| Wire, dumper, 300648 lAsR| | | dumper J1_ A to B Add | 


Jumper J2 WW to YY Add 
Jdumper J3_G tod Add 
Jumper J4 GG to HH Add 
Jumper J5 L toM - Add} 
Jumper J6 KK to MM __Add 


Eo 
ae 
ia 
Eo 
ed 
|| dumper J7 RR to SS Add 
lea 
= 
(ane 
ad 
_ 


Jumper J10 AA. to X Add | 
Jumper J1ll_ T to U Add } 


Jumper J12 P to R Add 
Jumper J13 UU to VV Ad 
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C+300/200 INTERFACE. MULTIPLEX LINES. RESTORE GATED WITH STROBE. 


301035-013 


rirug ASSY. CONTROL INTERFACE PUB. ~ jane, 200TPI 4/23/75 sueey_1_ op 1 


Se] cannon «de ee I] 
NEXT ASSEMBLY/USED ON 
USE MATERIAL LIST 301035~-009 
| ies ADD/DELETE THE FOLLOWING:- 


[00165 680 ae C2. ad 
| iog243-aa1 [1 | | | cia, aad, | 
a INE | 


ed ie ne | 

| 49| Wire, Jumper. 300648 ——sfayr| —|_—_—s dumper J] A to B Add. 
| || [ aumoer g2 WW to XX Add 
Mae, de Jumper J3 Gtod#H Add 
a ae Jumoer J4 HH to Ju Add 
fF of Jumoer J5  L to ™M Add 


aera MATERIAL LIST 


INCORPORATED 


| 


DATE PART NUMBER ] 
LOE 
301035-013 


a | 


| APPROVED 


i ae eee 

= paar eee 

> are 

it Paine 

a Pee | [| Taumper u6 KK to MM Ada 
i Sea | | | oumper 7 pp to ss Add 
= ara eee | | | dumzer u8 DD to EE Add 
a rr er eee | | | founser a9 BB to Y Add 
ie ae eee || |__| dumer gio AA to xX Add 
= are are || | fdumer gin TtoU Add 
i eee ie © || [J oumper_gi2_ Not Used. Add 
rae ee | {ff umper_ 913 WU to W Add 
[eee i ee 

ee Reece cee, re: ae (ee 
Dee oe ie 

ae ie reretet, oe ie 

Se ee ene: | 

ie eee eee [| Tf 
Sa ee ee ae 

Reed eae Sac eee ee a hoe eae ee 

= ae a 
aes | ft 

a ee eas eee a ae 

i Pee a ioe a 

i a ee ee 

a ee ee: ee 
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9) 
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NX 
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oe 
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Q 
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301035-014 


— 


Te wee oe 


Cd-22 INTERFACE. SECTOR COUNTER, MULTIPLEX LINES. OPTION I . 


Wy WATERIAL LIST [__rarrnuwecr | nev. | 
So InCORRORATED : ee ead _ 301035-014 | 


200TPI ogee 4/23/75 cucey 1 op 


pacts, © | Spal 


nitce .ASSY. CONTROL INTERFACE PWB. ree 


DESCRIPTION PART NO. ean} MN, | ACY | REMARKS 


NEXT ASSEMBLY/USED ON 


USE MATERIAL LIST | 301035-000 
AND ADD/DELETE THE FOLLOWING: - 


: 
| 


6| Capacitor. .0068uf | 100165-632 J. 1 |_| Add 
Capacitor. 820pf | 109243-321 | 1 |_| C18. Add 


p=] 
sm 
~ 
Qo. 
Qa. 


49{ Wire, Jumper. 300648 Jumper _J1_A to C 
||| dumper 92 WH to XX Add 
| {| | dumper 33. G to J Add 
C1 Founper a4 TH to FF aa 
Ea Jumper 35K to M Add 
|| | dumper J6 KK to MM Add § 
je 


a Jumoer J8 DD to EE Add 
Jumper J9 BB to Y Add | 


a 

eee an 

i aaa ea | | | dumper J10 AA to x Add 
i See | | [oumper 11 TtoU Add] 
a ee el ~~ ae Jumper Jl2_ P to R Add 
ne, a enn aiee | [aumper J13 UU to W Add] 
ca ne te aera wh en ce de el 
ae [Tear COMETS: eee: (0) Moa CI 
at Fear Eee ieee Cae ramane mE (ae irre (Eee (ee 
ee ee ee ee ee ee 
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é 


D-40 INTERFACE. DISC SELECT INVERTED. MULTIPLEX LINES. CAI CONTROLLER. 


WANGEO MATERIAL LIST 
s s| rirte ASSY. CONTROL INTERFACE PHB.  ,.,., __ 200TPI po 50/6) 19) aes A a Ee 
rar = and TEL NEXT ASSEMBLY/USED ON 
USE MATERIAL LIST | 301035-000 
| AND ADD/DELETE THE FOLLOWING: - Sere 
| a 
100165-682 os oa (2. 
1o0243-821] 1 | | | cis. 
[aa] Wire, dumpers 300648-001 [A/R| _| _| Jumper J1_ A toB Add. 
2 ees T[ [ [oumper J2 WH to ZZ Add. 
cee seus ete pe eas! | ft | dumper 3G tod Add. 
i eee | | | dumper 04 GG to HH Add. 
el ere | Tf [uumper 5k tom Add, 
ee oe een Tf | [dumper J6 KK to MM Add. 
7 Beer | ml Jumper J7 RR to SS Add. 
i. Sa jf | | umper ss pp to FE Add. 
a ea ee |] | [aumper v9 BB to Y Add. 
are || [dumper Ji0 AA to X___ Add. 
ae anni J (e | TTY oumper Jil T to U Add. 
(i ee i | | Jumper J12 N to R Add. 
2 Se {| | [aumper 013 uu to Ww Add, 
i ae 2 ae eS ee 
i ee a ie 
a aes ae ae ee 
el Sa ees, Ce ee ae 
i irae ae ae es ae 
aera oo ee ae ee 
i ee nee ae ee 
ee eee, ae ae ie 
hare ee ee es 
= ree Eee] a 
[a (et eee eee { | { 
ae ea eennn ae ee 
ee ree ae ee ee 
> are i ee ee ee ee 


FO 


D 
= 
rs} 
© 
x 
X 
Si 
= 


os | SECTOR COUNTER MULTIPLEXED LINES. CODE } 
D-40. NEG. ATTN/DAISY CHAIN. DISC SELECT INVERTED. , D120 | 


ee 
[_301035-023 A | 


DATE of/15/75 SHEET =e OF = 


WANGCS MATERIAL LIST 


INCORPORATED 


TA 


nite ASSY. CONTROL INTERFACE PNB. =, 200TPI FF & T 


ITEM | MIN. | ACT. ea 
DESCRIPTION | PART NO. Reap} MeN, | gy REMARKS | 
) | NEXT ASSEMBLY/USED ON 2 
402412-009 


PART NUMBER 
301035-023 


; USE MATERIAL LIST 301035-000 


> 
= 
oO 
> 
ae] 
oO 
~“s 
Oo 
m 
re 
m 
4 
m 
—~ 
ia 
m™ 
a | 
© 
— 
| nd 
© 
= 
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Pia! 
Pep) 
| 


BI Sm S25 
— 
3 


! 
| 
: 


Wire, Jumper. _ 300643-001 JA/ Jumper Jl A_to B Add 


mee as ee 


Lye et 


in 


Jumper J3 G to J Add. t 
Jumper _J4 GG to HH Add.J 


APPROVED. ,,J DATE 


—- 


Jumper J7_ RR to SS__Add.} 


Jumper J8 DD to EE Add. | 
| Jumper J9_ BB to Y___ Add. 
Jumper J10 AA to X Add. } 
Jumper Jl1l T to U Add 
Jumper J12 N to R Add 
Jumper J13. UU to VV Add 
Jumper J14 KK to ZZ __ Add. 
Jumper J15 LL to WW Add 
Jumper J16 L to MM Add 
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SS etl eae AP Et en ee eo 


Cc 


ODE 
INTERFACE D-30 NEG ATTN LINES SECTOR COUNTER MULTIPLEXED LINES D12 


E 


i <t WANGCO MATERIAL LIST 
Ve weonPonareo SSS 301035-N24 
EF S| time ASSY. CONTROL INTERFACE PWB. mover —200TPI _ vate 8/28/75 sneer 1 or 1 
i= , : : 

dF) Fe 
; d GO ° « 

i'n 

p= | USE MATERIAL LIST | 301035-000 spi aL 

{ AND ADD/DELETE THE FOLLOWING: -404208-002 

x Capacitor. o06suf_|ioo1es-6s2{ 1} | | cz. Add 


Capacitor. _s2out_ | 100243-821 


49 


> 
a 


Cs Cua Coo FC FCu FCr oD 
— 
ioe) 
jos 


Wire, Jumper, 300648-001 


~ 


3 
H 
5 
i 
i 
: 
i 
i 
' 
: 


Jumper Jl A to B__ Add. 
Jumper _J2_ Not Used. 
umner_J3_Gto J Add 
umper_J4 GG to HH Add. 
umper J5 Not Used. 
umper J6 Not Used. 
umper J7 PP to SS_ Add. 
umper J8 DD to EE Add. 
umper_J9 BB to Y__ Add. 
Jumper J10 AA to X_ Add. 
umper Jl] T to U_ Add. 
Jumper Jl2 P to R_ Add. 
Jumper J13 UU to VV Add. 
Jumper J14 KK to ZZ Add. 
Jumper J15 LL to WW Add. 
Jumper J16 L to MM Add. 


peg ee A 
C4 


Cua 


mo 
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FO 
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M 209 (R,12/74) 


sf 


Interface D-30 Multiplex Lines. ILLA & SEEK INCOMPLETE. 120 


~ wnere MATERIAL LIST 
iucunconates SS | 301035-026 | 4, 


ritte _ASSY, CONTROL INTERFACE PWB. mone, __200TPI. ph AUP UIIS aioe 1 ea 


item] MIN. | ACT. 
TEM| DESCRIPTION PARTNO. REQ] MeV Trcv.| REMARKS 


| USE MATERIAL LIST |-301035-000 | |B] NEXT ASSEMBLY/USED ON 
| AND AUD /D OLLOWING: 


| Capacitor. _ 0068uf |100165-682 | 1 
7 | Capacitor. 820pf |100243-821 


301035-026 


PART NUMBER | REV. | 


| 
d 
iE 
ome ie) 
m In 
CO fe 


> 


oO 


72.573 2 
Fes inf 3 


Jumper J1. From A to B 
umper_J2. " WW to YY { 
umper J3. " @to H 
umper J4. " —@G to HH 
Jumper J5. "— L to M 
Jumper J6. " KK to MM 
umper J7. “PP to SS 
umper J8. "DD to EE 
umper J9. =" BB to Y 
Jumper J10. " AA to Xx 
Jumper J11. " Tto U | 
dumper J12. " P to R | 
Jumper J13." UU to W 


300648 -001 


va 


A/ 


| Wire, Jumper. 


Cu FC 


| | APPROVED 


t 


B-142 


FO 


D 
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é 
0 
X 
S 


SECTOR COUNTER, 


"C" INTERFACE-NEGATTN 


REV. 
ca 


INCORPORATED 


TITLE 


AND ADD THE FOLLOWING: 


x 
Ww 
co 
= 
=) 
2 
f- 
a 
< 
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Wire, Jumper. 
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ASSY. CONTROL INTERFACE PWB 


301035-032 
of 
ie 
3 
a 
E 
Oo 
= 


% 


ULTIPLEX LINES 
wane MATERIAL LIST 


MODEL 


PART NO. 


USE MATERIAL LIST | 301035-000 


300648-001 


B-143 


100TPI 
200TPI 


©] 


/ 


MIN. § ACT. 
REV. REV. 


DATE a SHEET suum» 
REMARKS 
NEXT ASSEMBLY/USED ON 
314216-007 
Jumper Jl A to C 

J2 WW to LL 

33. GtolH 

J4 HH to Jd 

J5  Ltom 

J6 KK to MM 

07 PP to SS 

J8 DD to EE 

J9 BB to Y 

J10 AA to X 

a T to U | 
aa aCes 
fe eee a ll 
ne, eee es 
cee pe eee 
ee ee el 
aes, 
a ee ed 
De see ote th s ed 
aaa 
cepa ita ee ed 
fe se eee ee 
Re ee ee 
Fee eel 


[PaRTNuMeeR | 
301035- 032 


Sector Counter Multiplex Lines Poooes 
Disc Select STANDARD WANGCO PDP-11 MHD D120 | 


we MATERIAL LIST | PARTNUMBER | Rev. | 
INCORPORATED aaa at 301035-039 14 


ot} Ol sitie .ASSY.,CONTROL INTERFACE PWB MODEL 100/200 el DATE scrsicrecttiaoninnet 
a) of 
= t 
< o NEXT ASSEMBLY/USED ON 
=| USE MATERIAL LIST | 301035-000 
AND ADD THE FOLLOWING: 404212-018 
[Capacitor -0068uf__| 100165-682 | £4 ok Be (7 SNORE 
| 7 [Capacitor szopf__| 100243-821 | AEE 
EE 300648-001 Jar} |__| Jumper J1_A to B | 
LO 
ef ene! Sina as J2__Not Used __| 
e a a et cee te 336 toH 
k <¢ Ly 
aE ae eS TS EE J4 6G to HH 
—— ae ee J5__K toM | 
nnn Ae ey ee J6__KK to NM 
ee J7_PP to $5 
aa J8__DD_to EE 


J9 BB to Y 
J10_ AA to X 
J11 T to U 
Ji2 N toR 
J13 UU to VV 


S| 
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s 

j 
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B& 


P-3000 INTERFACE. DISC SELECT INVERTED. MULTIPLEX LINES. | core 


WANGCO MATERIAL LIST 
INCORPORATEO oo 301035-040 


TiTLe ASSY, CONTROL INTERFACE PWR, mover A&E pate — 8227-76) sheer 1 of 1 


_USE MATERIAL LIST } 301035-000 eS 
AND ADD/DELETE THE FOLLOWING: ar 


ic ae Ce) ee CS 

i 2 oe aN 
, sooet [wal | _|oumper 01 A to 8 Add. 
ee ee ce 
5 ee ce 
5 to aa 
ee 
es 
ee 
Tf a9 8 toy aa. | 
ee 


Jll T to U Add 
: Jl2 NtoR Add. 


p J13_ UU to VV Add 
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Ro.’ 
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. @ 
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awde 
“S 
ce) 
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no) 
i) 
xs 


B-145 | 
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ia 8 7 6 
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a. 
2 ~ 534 
= Ge 
ot | 
Ae | 
SPARE 3 IN5317 


216i ke 


7: 


4 


fa] MARK LATEST een LEVEL, APPROPRIATE 
NASH NUMBER AND SERIAL NUMBER 12 HIGH 
CHARACTERS PER WANGCO SPEC 100037, 


2. ALL CAPACITORS IN MICRGFARDS. 
1. ALL RESISTORS IN OHMS 5% 1/4, 
I NOTES UNLESS OTHERWISE SPECIFIED. 


R8 
330 
AAN ied 
VR2 
INS5S245B 
INAOO3 
— 
4 
R7 
330 CR3 


VRI 


TO S8 NC. 


—-18V UNFUSED 


TO S8 COMMON 
LINEAR MOTOR HOF 
SERVO MOTOR RELAY 


+18V FUSED 
TO Riles 


SERVO MOTOR ow SER NAP 
CVEL AMP 


wi LAY 


GROUND 


NOTES UNLESS SPLCIFILD 


1. TOLERANCES 
XXt ANGULAR 
AXE t 


2. BREAK ALL SHARP 
EOGES APPROX, 610 


3. MACH, SURFACES 7 
N 


4 ALL DIMS It INCHFS, 


+ 4 


401044 |] 


PILOT REL ite be [a igtee 
-M-l A- pee 4542 BCL. CHof Ome Y Ay - ie 


B 
ly 20) DELETED pe 
Sees <f 
ane eee : 
1, ones ame a 
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2 i DESCRIPTION & PART NO. [ind ya TENA 
iam 
f 


OS arm ere aS Si eae 1d 


Ve) 

™ rename te ; 

ee i | ~ _NEXT ASSENMBLY/USED ON. T ASSEMBLY /USED ON =a 
1S F USE MATERIAL LIST| 301076-000 ia aes) 


ay él 
ra —— = 
PS | 
= 101019-001 | | 
eS | — ~ 
Fea) | 77\ Capacitor .033uf 101004-333} 1 | | | 
[ “78 Capacitor. 0022uf | 100165-222} 1 C39. 
palate ES “Capacitor. ~ .0022uf oa fo | 640. 
Se . eek os, 
AOA AES SVE ESO“ Se aE APOE SENDS . a 2 roca memeniecortuentes on. 
1 ea cs a oe 
82) sid eaten j 
| 83 Resistor, 5%, UW, 2K [ 101156-. 202 E =i R2. _— } 
i 84 | Resistor, " "110K R29. 
| 85] Resistor, " =" 110K R36. 


| 86 Resistor, 


| Jumper J2 F to H. 


Jumper J3 J to K. 
Jumper J6 A to B. 


| Jumper _J7_D to | E. 
jumper: 98 Mee 


5 usec INDEX/SECTOR PULSE WIDTH rr 
‘ISOORPM. INDEX ONLY. TYPE "D" INTERFACE. TOP LOAD. D120 


ic: OT a 


Yi | WANGEO MATERIAL LIST vpantnumoen REV. 
Eg, Ft aah Een RR ERROEEE 301076~-010 | | op 
ASSY. DISC CONTROL - 2 PHB. : | Re ee aT eee Pe 


LOAD CYCLE DELAY Disc 


ui 2 PRRs 1 9 4 -cpre RRO D EUDR OR SL E eNOS et ER MODEL me ate 0/22/75 succes alle or 
2 wo trem ~ DESCRIPTION eae ae PART NO nen. fecal REV, ay "REMARKS 
es a re —— 
E15 | USE MATERIAL LIST | 301076-000 D al Ret nile ldedokinacth 
AND ADD THE FOLLOWING: - i aed Se ee 
won : op a ee ~—y ] eee Gey a ee a, ee 
why ae | See na ii ca ase des 
75¢ IC. 74193 101020-001} 1 | — Ul2. 2. | 
76 | | ; come 
77, Capacitor _ .033uf lo1004-333 | Vf oO | 
78[ Capacitor. _ .0022uf _} 100165-222 | 1 ¢39 
79} Capacitor. . 0022uf ad <4 | C40 eee 


156-202 | 


_ [ai 


| 83} Resistor, 5%, 
ry, 


86| Resistor, 5%, 4M. 39K 101156-393 


rr ee ee ee a 
90] “Wire, Jumper. 


——_— 
————— 
a 


300648-001 [A/R | 
Jumper Jd2 F to H. 
| Jumper J3 J to K. 
Jumper J6 A to B. 
| Jumper J7 D to E. 
j Jumper J8 W to V. 


ow 
CODE : 


"D" INTERFACE.TOP LOAD.40usec INDEX/SECTOR PULSE WIDT D120 | 


q 
“ 


2400RPM. SECTOR CONFIGURATION. TYPE 


=} | gh coe MATERIAL LIST His ASSN aaa ROR 
fees =I tad INCORPOHAIED staat innate 301076- 011 16 4 
ASSY. DISC CONTROL - 2 PWB. | - | 
ti = TITLE LOAD OEE OEY MODEL _ coorPr DATE 10/22/75. SHEET ee pail: { 
= © . y : an ee eae ames ET LAAT BD SPREE PTAC ATCT) 
z © [Non DESCRIPTION ~ PART NO. neoo! nev | Rev, REMARKS a 
CO I aaa a CL VO a aR mia er cra (eomeaa : scenes mecerecertovnsoreny 
a{S | | USE MATERIAL LIST ! 301 676-900 een nn narecatscennseme 
AND ADD THE FOLLOWING: - | ‘ 
prerepirrs ieian SaREREE A SPL TCE A, . <a Ae HE et eee MAT: dN FREES TOE SLE I BALE EINE POE Oi PEAT ACE MY 
e ' 
at ~ 
< ana | eee: es a a eee 
QO sae 
™ ri 
sie | 75) IC 74192 


a p76 

fe. “7i{ Capacitor ———S~S~S~w«S BF 

iar Gi al Capacitor, 5% 015uf 
|_75[ Capacitor, 5% .015uf 
80) | _ 


| 83} Resistor, Diy Jal. 2K | ; 101156- 202 | ir, Ae TR2, 

84] Resistor, " "110K | a 1} | | Reo. 

85| Resistor, "=" 110K . -114] 1 | 7 oo SRG anh eee ttaclee aoc. 
| 86| Resistor" "39K . | 
| 87] 
| 88 


| 90] Wire, dumper. _ 
oO Jumper J2 & - H. 
} Jumper J3 J to L. 
Jumper J6 A to B 
| Jumper J7_ D to E. 


5 


SSE LADLE OD IETS PIR: + GILG TERI RD OE: 


A IR aT GPO OETA, AT IRE: CI TI A EIN LE ROS. EO ae? 


10 usec INDEX/SECTOR PULSE WIDTH cote. 
2400RPM. SECTOR CONFIGURATION. TYPE P-3000 INTERFACE. TOP LOAD D120 


Frtern mas am LESS PINE BESET PO APNE TPE ts $s INS OR BE EE PAL, etl CEI WI RL APS TRS oe Fi TRAY TEED IEE EE OE LGR, AE SO BLE I s t! td La KT, ore 4 
lel bya waneco AATERIAL LIST E Scatt kei SAE NN 
i rs ‘Cy ‘ K “4 wo fy i. ¥ 5 x 
r oe — Ss miconecanse meme a eemennieesanadiied 301076 012 IC : 
f ASSY. DISC CONTROI - 2 PWB. ) . oer 
ns iss Vv 
wi bey TITLE Dh ger i) ee MODEL. _2OOTPT pate 20/22/75 creer | oe 
> ay ThE So AD) Ele OE OI, 7 TS PR APR SO IPR OS PRS. oan a SRM BE Mey: ~ i 1 PT FLY IT SHEL CELE OE EACT TE i I 
| ap ae Se a 
< a Peaak 1 ree V Sniae ay at 5 EXT ASSEMBLY/USED ON 
a1 | | USE MATERIAL LIST} 301076-C00 iD in abciha Git Shaeictem 
prensa AND ES et FE PO SEAS ENCORE OE ar AN yc. Se ehratad sass so sasateionaibacs: isis wisn soruameacenoiente 


oa L at ce 74192 _|.101019-001 | 
gat 76 
Be eee pe ee ere eee ere ma 
ET 774 Cay Capacitor .033uf 2 
te ave “Capacitor «004 7uf _ 
} | Eo Apacy ? Rohit fal Ene om 


Capacitor 0047uf 


wash Sup J2 H 
imner J6 A to B. 
E 
V 


dumper J7_D to E. 
| dumper J8 W to 


— 


ao 
reves 


rn be hen SENT ARIE OE DO BN PRESS” RAT ASSN IRE EEN A 4, RRR asa 
= ae rhe | aera. arene eto oer DE EMT OEE LEED 


war- 


COE 


2400RPM. SECTOR CONFIGURATION TYPE "p" INTERFACE . FRONT LOAD. 40usec Eels PULSE WIDTH: D120 f 


oe aoe © era pease 


Tee VLE oy wrreree ome’ 


y = 


a enNeeo MATERIAL LIST a 

ay AS A Rik Ioana RATS ise 

ASSY, DISC CONTROL - 2 PHB. | 

Vv 

ap } TITLE eile thd as wae) - mover .2OOTPT pare 10/22/75 sueer | or 
< — Le awsowy PELE LE a = a7 

© LITE 
: byes] esenrion Come fot SD a 
E15 | USE MATERIAL LIST aa ea 


fe TIESTO AS A SO EEE IPSS el he | 


AND ADD THE FOLLOWING. - 


301076- ” \2 
ss ee 
———— 

74192 joroig-oo1f 1 | | fue. 
3 — | cell 
“77K Capacitor 


; af UI 09. | 
Pb ec .015uf Tiss] ee C39. : 


3 Ree CE 


Sect O15uf T1538} 11 |_| cao. ek 


7 79 


83] Resistor, 63, 4M. 6.1K | 101156-812] 1 | |_| Re. 


eee WE ea BELO AY ea OF) TEA LIL SORRY STS PEL ERT ES TS, OTE 


| 84[ Resistor" " —110k_———s 114] 1 R29. 
85) Resistor" "110K | 7114 R36. 


te 
-753 |_| 


[ounper J2 6 tow, 
Jumper J3 J to L. 
Jumper J6 A to D. 
| Jumper J7 B to C. 

j Jumper J8 W to V. 


600 nsec INDEX/SECTOR PULSE WIDTH [eee 


1SOORPM, INDEX ONLY. TYPE "C" INTERFACE. TOP LOAD, __ D120? 
oe ae eg Oe Pe ee i acacia CHa qcomiags 
j va] WANGCO  WATERIAL LIST PART NUMA@ER com, 
= Vath NGORPORATED AT TEED 301076- 014 LC 
ASSY. DISC CONTROL - 2 PWB. 7 
vue LOAD CYCLE DELAY oon, D4SC+ pre 10/22/75 eure 1 op 1 


GI . 7 SN ARO ARES, AY, 
), | DESCRIPTION et PART NO. jroo! i MH aev. ti AAR REV. el Pl ney 
cn Manat sie teetahie, ee owner pct gute isinanacriatas 


USE MATERIAL LIST | 301076- 000. i? D ioc 
AND ADD THE FOLLOWING: - | 


74193 101020-001} 1 | | viz, 
Sane: | 
.033uf 101004-333 att | | | ce. | 

ames | 


—— =e a 


on. 
83! Resistor, 5%, kl. 2K 101156- 202 | 


85 
86 Resistor, 5%; %W. 39K 101156-393 =e RG ac teen a 


| Jumper d2_F tou. _| 
Jumper J3 J to K. | 
1 
Jumper J6 A to B._ : 
| 

| 


ea ith acd Jumper J7 D to E. 


Jumper J8_ W to V. 


B-169 


oa aren eT RRR LEE EL, RSL NCS LE 


: t cop” ¥ 
1500RPM. SECTOR PONE BU RATION 40 usec INDEX/SECTOR PULSE WIDTH. TOP LOAD D- 0 aint 


ol WY ee MATERIAL LIST PART NUMOER i 

INCORPORATED SSROTER TE 30107 6- 015 CL 

= ASSY. DISC CONTROL - 2 PUB. : | | aa. 
LORD CYCLE RELAY 200TPI "T" 10/22/75 ee 


TITLE MODEL — ve eeeeere DATE SHEET ww OF Lo. I 

Prem | ‘ . es TONS ACT. ry De gt re ™ 

Peo. f DESCRI TION PART NO REQD REV. REY, REMARKS : 

| USE MA MATERIAL LIST | 301076-000 D | stad Rcciehialad a cleo ccee a 
A . : | 


|_| AND ADD THE FOLLOWING: - 


re 
_ 
a] 
aa a PPA. AT EY A RET 
“ . 
SOI OREO CELLS 


6- 015 


7 


PART NUMBER 


910 


5 


imme ee ene ee nee 


OEE AE I 28 EM, ee Een 
| 4 


at 

Gre 

ron 28 ht ALN TL Pl A CR POE PE A IE RIE eK 
a 77 Capacitor 
EEN OP 


| 78] Capacitor, 5% 5% 


os Capacitor, " z : ft 


_ 80} 
21) iat 
| 82 | 


TAS POSIT EL OOO ET 


| 83] Re Resistor, 5k, LM 
| 384 
86] Resistor 5%, 4M. 39K | _101156-393 
i — een 
aa : ae 
90 Wire, Jumper. 548 


Jumper J2 G to H. 


hs nee 
| Jumper J3 J tol. 

Ss Jumper J6 A to B, 

|__| 

a 


| Jumper _J7 D to E. 
——— Pe ceenieecell Jumper J8 W to V. : 


B-170 


TED TA RTT es ADE AOD EGMEO LITE IDIOT SATELLITES fe = 


{ ee ee ae a RR NS EE TETAS oe 


5 usec INDEX/SECTOR PULSE WIDTH | Foone’’s 
| D 


____2400RPM. 50 SECTOR CONFIGURATION. S43 INTERFACE. TOP LOAD. D120" 
Jo} ee MATERIAL LIST | sti ed lacie a aan 
0d eee SAN RENTS 301076- 016 ue y 
a ASSY. DISC CONTROL - 2 PWR. a 
Of TITLE LOAD CYCLE DELAY mover 2OOTPI pate O/2EM75 sneer 1. ort 
© frm. Pr t SE ODL AT I i OF: TS TE OTN I 
b i DESCRIPTION - PARTNO,  fREQO} | REV, ae REMARKS a 
sy tgmerek at emnmencnt te seoeserotona jategeeceecaaree aye ata == a 
S | USE MATERIAL LIST - 
AND ADD THE FOLLOWING: 


EE IEE EP EEE IIS IEEE I TEE LOTTE 5 SOC YI TTI ST EAN CET 


loiog-oolf 1 | | 


_Capaci —_.033uf 1o1004-333f 1 { | | C9. | il 
Capacitor .0022uf_ | - 222 14 | _—sits c39, 


Capacitor — .0022uf 222} 1] | | cao. 


81 eens dd 
te | ome 
83] Resistor, 5%, Mi. 2K | 101156- 202 | 1 
| 84] Resistor, " " 24K ~243 
| 85| Resistor, " "24K ~ =243 [1 | 
86{ Resistor, " "39K | -393 | 1 | | 
1 SSAA ASE SE HS 
et ae | —_|—~ 
a4 
| 90] Wire, Jumper. ~ | 300648-001 JA/R] 


| Jumper J2 G to H. 
| dumper J3 J to L. 
mi ‘| Jumper J5 A to B. ee 
| | Junper J7 D to E. 
Jumper _J8 W to V. 


assis oi cooipbaccoibiniin’ Nh TR A EN SCs OE N s DL  | A Y . eS ELE SND cE UN lL aes u b, WReinkT? CATT EE 8 LOS ESN SPS PES S 


15O0O0RPM. SECTOR CONFIGURATION. TYPE "p" INTERFACE. FRONT LOAD. 
40 usec INDEX/SECTOR PULSE WIDTH. USE WITH ITH DIFFERENTIATOR | PWB. 


ES hv nous MATERIAL LIST 
INCORPORATEO ; Bee eee 


R 


ASSY. DISC CONTROL - 2 PWB. 
= TITLE Brees ated MODEL . coaintess DATE wu 
(on) 


Tem 
ane PART NO. ar nev, 


SP ETS TER RENT LE 
ACT, 
| DESCRIPTION REV, 
icopsrecmitatsk apace MibcepterSaatrs aman et eae aap eET EL OPED REL! TC ta | PE Ra 


USE MATERIAL sl i 301076--C00 
AND _ADD_THE FOLLCWING: — [>| 


PART NUMBER 


iaiininisetion) Reon, reaw ee 


EA See Be ae | 
ca. ae aaa Pate er Se ee ee 
Sy IC. wooo 74193 | io1ozo-oo1f | [ |_| viz. | ] 
ot eS 

ie | 77} Capacitor -O15uf_ —_—{_101004- am 

= 4 /8} Capacitor, 5% -O15uf_ _—|_:102793-153 


79} Capacitor, " .015uf -153} 1 


a 


81 | 

ee: Sees , : 
83] Resistor, 5%, ki. 2K 1oiiss- 202] 1 | | [re 

ci ae | eee 
6[ Resistor , 5%; uW. 39K _|_101156-393] 1 | { R38. ae 


~ { 300648-001 ie 


21 SERS UR. OCD EP SS aa 


| Wire, Jumper. 


AHH 
| 


| Jumper J2 G to H. 

| Jumper J3 J to L. j 
Jumper J6 A to B. 

Jumper J7 D to E. 

| Jumper _J8 W to V. 


. 
He 


: 
Hi 
| 


aks 


ce eee cee Batata Ales 4 cement es errene (2: Bare SLATS MURRELL BIE WN PROPRIA Te 


1500RPM. SECTOR CONFIGURATION. TYPE "D" INTERFACE. FRONT LOAD. [eons 
USE WITH DIFFERENTIATOR PWB. (P/N 300921) 5 usec INDEX/SECTOR PULSE WIDTH 0” 


AE RUT Bie O00 org FTE FOR Teele] 


REE TOE SAINTS A NE I POL 


sla aalcea MATERIAL LIST. ee a 

aeteene ee aera RR nRRRCRMRENEENT | Cy 

ASSY, DISC CONTROL - 2 PUB. | | , ia 
TITLE LOAD CYCLE DELAY CYCLE DELAY MODEL _Serfes “FP _ DATE 10/22/75. SHEET < or 


SO ERAT DEALER CL. WEEDS 


REA ES 
ear Soe MATERIAL LIST 301076- 900 § D : NEXT ASSEMBLY/USED ON Deis 
AND ADD THE FOLLOWING: - | 


a pores a . FTE RTE CAR ENTE CEG ET \ oe eR S mn FRENTE EI IE TE I Fa IT EN cc REN 


75] IC. | 74193 | 101020-001 Seeee a a 


a 7% | 
Py ei Capacitor = ONSuf | .015uf | 101004-153} 1 | ae bt 
en | “Capacitor =——S=~S 2D _____ 0022ur | 100165-222} 1 | ae: C39. | 
| 79) Capacitor ___ .0022uF =222 pay te C40. | 
| — a ere ae a ee i 
ana ae Do SE hk: SNA 


| Bee a Resistor, 5%, HM. 2K "| 101156- 202 | 
{84 
E 


86] Resistor , 5%, %W. 39K _|_101156-393 | 


W 
[oe] 


a ms b G 


| dumper J2 
Jumper J3. 
Jumper J6 
Jumper J7 
| Jumper J8 _ 


4 .. : 
| Pia dd 


E206 
aa 
(eee oe 


B-173 


2400RPM. SECTOR CONFIGURATION, TYPE 'D' INTERFACE. FRONT LOAD. | L cope | 
_USE_WITH DIFFERENTIATOR PWB. (P/N 390921-002) _5_usec_INDEX/SECTOR PULSE WIDTH 


MATERIAL LIST enone 2 _| 
INCORPORATED pe ae ee we ee pe 301076-102 


ASSY. DISC CONTROL 
PWB. - 2, SPECIAL. 


mover —F 209TPT pate 3/31/75. seer 1 op 


PART NUMBER 


USE MATERIAL LIST 
AND ADD/DELETE THE FOLLOWING: - 


IC 74192 | 101019 
Capacitor __.015uf | 101004-153 


| [| 78| capacitor _.0022uF | 100165-222 | 1 _| C39, Add 


a .0022uf -222 | 1 
1 80 


Resistor, 5%, } 2K 1 101156-202. | 


Resistor, . ” 110K 
Resistor, " ‘i 110K 


e 
rd 
ft 
fom 
| > nm 
ee id 


' 
ies) 
WO 
Oo 


| 90] Wire, Jumper. [300648 a | 


Aimed 13 ere | 
Toumper 6 "Ato B. 
“iumper a7" D toe, | 
Tounper JB” W to V. 


|| 

a ee 
a ae 
{| [| 
= a se 
a eee 
oe ee ee 
at ee 
301775 a Eee 
= ie 
oe 
oe (ee a 
a ee 
a ae ae 
a ee ee 
= ae ae 


oe 


2400RPM. SECTOR CONFIGURATION. TYPE "C" INTERFACE. 600 nsec INDEX/SECTOR prem 
PULSE WIDTH pao 
al el wears f 


FRONT LOAD. USE WITH DIFFERENTIATOR PWB. (P/N 300921) 
WANGES MATERIAL LIST 
ae eee 


INCORPORATED 


ASSY. DISC CONTROL - 2 PWB. 


WORD NCL DEEN ceicseuats, . sapbpey TIRE AE! page MOLT ai cagi Ne og "| 
ene 


PSU a SER COP Oe VS 
oe EUION a PART NO, ae SS Rev. 


PART NUMBER 


| 77 Capacitor 015ur “Taro ee ee 

78) 

ne 

0) 

| 81 

| 82 | | 

| 83] Resistor, 5%, kl. 2K _ 101156- 202 

| 84] Resistor, “" "0K | ga bod 

| 85} Resistor, "=" _110K | 4) i] R36 
86[ Resistor" "39K — R38 
Rh a eee 
88 


| Jumper J2 Gtod. 
Jumper J3_J to L. | 
Jumper J6 A to B. 


Jumper _J7_D to E. 
| Jumper JS W to V. 


Wire, Jumper. | [ 300648- 001 AR] |_| 


z ann 


rf 


B-175 


cme wee coe ne AE et a | REO eo: ie 7 ‘AA ARTA PATENT ETS ONG SETA 


USE WITH DIFFERENTIATOR PWB. (P/N 300921) 600 nsec INDEX/SECTOR PULSE WIDTH | CODE | 
_1500RPM. Sector Confiquration. Type 'C' Interface. FRONT LOAD. 


gael NUMBER 


Weneee MATERIAL LIST. 


INCORPORATED Se ee -301076- 107 


ASSY. DISC CONTROL | 


= STON OO ac eae a oes as ee MODEL DATE 1/10/75 _ SHEET | 
ES REMARKS | 
eS NEXT ASSEMBLY/USED ON 2; 
er USE MATERIAL LIST 301076-000 cess 
AND ADD/DELETE THE FOLLOWING:- 411524-003 | 
[if [_[ur. 


IC, 74193 | 101020 
| Capacitor. -Ol5uf} 101004-153 


Ei eae eatin, 
E —— 2a RST 
2 arr | (ain ee renee 


vo] 
MN 


A ae eepathan weterce” 2) 6 panes . deme: aps cae res S a f br Eats Araneae aE the I rete per eae Peres 


83 | [Resistor, 5%, LW, 2K 191156- 202 | 


Jumper J2 from G to H. 
Jumper J3 from J to L. 
Jumper J6 from A to B 
Jumper J7 from D to E. 
Jumper J8 from W to V. 


wv 
Oo 
2) 
= 
Sk 
F 
= 
Le) 
~~ 
~J 
= 


2400RPM. SECTOR CONFIGURATION. TYPE "D" INTERFACE. FRONT LOAD. paren 
AQusec INDEX/SECTOR PULSE WIDTH. USE WITH DIFFERENTIATOR PWB. (P/N 300921) is 


: z ALONE TSR ADP ONY ASANO I KER AC EE ENE RNAI TEAR EGY ROE AL IER WE IY TE IO pant NUMBER | hd ar amconen 
a NA \NVVARINIG: Co : ol PART NUMBER HEV. a 
a y MATERIAL LIST se OL 
VS nconponsren ARRAN coc niRTEDRENI 391 076- -113 | C 4 


ASSY, DISC CONTROL - 2 PWB. 7 oo 
TITLE LOAD Circle DELAY | MOUEL a vate 10/22/75 cucey  op 1 | 


on AGT 
DESCRIPTION Ri PART NO, _ lesa PREV, REMARKS 


PART NUMBERS 


| 76 
) _77| Cape Capacitor 

ie, 78) Capacitor, § ca 
Suc Capacitor , 5% 


~ 83] Resistor, 5%, 4W. 2K 


| “Sal Resistor," " 


85 Resistor’, " 


_-14| L_R29. 
—4} |___ bd R36 


_j dumper J2 
{ Jumper J3 
| Jumper J6_A to B. 

dumper J7__D to E. ed 
Jumper J8 We to V. 


saree anes A A a REN ERE RAE ETO we okt 


p> NOR et PES 5 EY PT Pee ARR BEA SS TTT 


91} Rework Instr. 


aw WW. 


Vvv¥or> 


PENNS SONI SET 
REV. | _escripricn | cu. [pate] aPrroven | 

1A [PILOT RELEASE Eg Pile 
C 


SMG SG pea 
|CR/O 5627.00 a et 


CRC 56SC MFa RLSE b Malye Be 


| | OD | CR/O 5921 , Bry lz 
CR/O 6140 


REF 
SWAGE NEARSIDE 


fo] 


SWAGE 


CH 


SA ef 


[R21] 


Lave PLCS 


’ 


ra c 
R22] 
[c7_] n 


mu 


[Ris] 


ee [R23] 
C8 : 
eae 


2 
oS) 


section A= AN 


SCALE : NONE 
TYP 6 PLACES 


[Rs] 
[Re | 
[Rv] 
[ual 
—WRO 


Ol. 
4 
wis 

a 
rel 


RUBBER STAMP REFERENCE DESIGNATIONS 
\I2HiGH WHITE CHARACTERS. 


= PART NO. 2-002 AS 
[5] FOR POLARIZATION OF CONNECTORS,CUT FOLLOWING ; TNO. 301153-O02 ASSY 


“—~ PINS FLUSH WITH BASE: J36-IOAND J39-3. iW 


4. FOR SCHEMATIC SEE DWG NO. 301154. 
Wangco Incorporated 


ASSEMBLY, PWB, 
BRUSHLESS DC SPINDLE 
MOTOR DR PWR SWITCH 


[3] INSERT AND TIGHTEN SCREW,ITEM 48, APPLYING 6 INCH 
POUNDS OF TORQUE. 


@ BAEAK ALL SHARP 
EDGES APPROX, .019 | 
3. MACH, SURFACES 


(2] APPLY THERMAL JOINT GREASE ON BOTH SIDES OF MICA WASHER. FNSA 


4 ALL DIMS IN INCHES. 


T] MARK APPROPRIATE DASH NUMEER,LATEST REVISION 
“LETTER, AND SERIAL NUMBER WHERE SHCWN 12 
HIGH CHARACTERS COLGR BLACK PER WANGCO SPEC iCCO3?. 
NCTES:UNLESS OTHERWISE SFECIFIED 


—_ 2 


{tWCOAPORATED 


ASSY. PWB. BRUSHLESS SPINDLE 100/200 TPY 
mitte MOTOR, DR. PR, 2. SW. E&T 


SECCAITION i PART NO, 
Gente eee 


i] NUMBER 


301153-002 


301152-001} 1 


2 
‘ 
ed 


_ ee OS En! 
AGE 


| i ae) 
usr a 
go- 0 WOT gS 


| 301178-001f 1[ | 
is 
JEN Li 74L842 | 123037-001 | 
rs 1.C. 75451 101139- “001 | 


Oo 74LS157 123040-001 
TG: 74LS74 123036- 001 | 


Swen _— 


11 

112 | Transistor. 151004~ “001 | i= 
[33 | Transistor. |_151003-001 | 3 ee 
4] Transistor. | 2N29074 | | | 101053- 001 | 


| Transistor. 2n2222A | 101052-001] 1 


1N4003 | 100127- 001 | 


10105¢- 005 | 


— 


Diode, Zener, 4.7V 1N5230B 


be Capacitor, Ceramic. .33uf __101086-334 5 6 
22 Capacitor, Ceramic. .Oluf 101042-103; 3 
124 | Capacitor, Poly. 101004-103} 6 
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APPENDIX D 
ILLUSTRATED PARTS BREAKDOWN 


INTRODUCTION 


This section presents an Illustrated Parts Breakdown (IPB) for the 100/200 TPI Series F and T Disc 
Drive miachines. A group of 11 illustrations contain exploded views of separate sections of the disc 
drive, and each illustration is followed by a list of the parts shown on that illustration. The parts 
list is itemized in accordance with the index numbers shown for the parts on the applicable illus- 
tration, and the particular index number assigned each part is used throughout this manual in ref- 
erencing the part. A dash (—) in the margin preceding the entry indicates that part is not shown on 
the illustration. A star (%) in the margin preceding the entry indicates the part is effective be- 
ginning with Serial 3800 for 100 TP! Drive, and Serial 2-2900 for 200 TP! Drives. 
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100/200 TPI 


Figure D-1. 100/200 TPI Top Load Disc Drive Assy. — Overall View 
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300001 100TPI DISC DRIVE ASSEMBLY 
414200 200TPI DISC DRIVE ASSEMBLY 


SPINDLE ASSEMBLY 

POWER SUPPLY ASSEMBLY 

OPERATOR CONTROL PANEL ASSEMBLY 
FIXED DISC COVER ASSEMBLY 
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Figure D-2. 100/200 TPI Front Load Disc Drive Assy. — Overall View 
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Figure D-3. 100/200 TP! Disc Drive Major Assemblies — Top View 
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IPB 100/200 TP! MAJOR ASSEMBLIES — TOP VIEW 
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PART NO. , 


| = 

DESCRIPTION FIGURE | #18 
clo 

oe: 


Assembly, Power Supply 
Assembly, Positioner (Drop Ready Feature) 
Assembly, Positioner 

Assembly, Power Regulator PWB 

Assembly, Data Electronics PWB 

Assembly, Servo Amplifier PWB 

Assembly, Servo Logic PWB 

Assembly, Servo Logic PWB 

Assembly, Disc Control PWB 

Assembly, Disc Control PWB 

Assembly, Control Interface PWB 
Assembly, VFO PWB 

Assembly, Cable Interconnect 

Assembly, Slide, Left 

Assembly, Slide, Right 

Assembly, 1/O Connector PWB 

Assembly, Line Terminator PWB 
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COMPONENT PARTS* * * * * * 
Retainer, PWB 

Fuseholder 

Fuse, 5A (F3) 

Fuse, 8A (F1,F2) 

Fuse, Line Filter (F4) 

Bridge, Diode, MDA 980-1 

Bracket, Slide Mounting, Left Front 
Bracket, Slide Mounting, Right Front 
Bracket, Slide Mounting, Right Rear 
Bracket, Slide Mounting, Left Rear 
Bracket, Cable Guide 

Support, Card Guide 

Stud, Latch 
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Bracket, Cable Support 
Pin, Cable Retaining 
Fastener 
Panel, Rear 

Cover, |/O Connector PWB 
0}1]} Bracket, Card Cage Support 
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Basic part number — May vary per customer option. 
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IPB 100/200 TP! MAJOR ASSEMBLIES — TOP VIEW 
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PART NO. 


DESCRIPTION FIGURE 


ATTACHING HARDWARE * * * * * * 
Screw, Nylon, Pan Hd, 6-32 x 1/4 
Screw, Nylon, Pan Hd, 6-32 x 7/16 
Screw, Pan Hd, 6-32 x 3/8 
Washer, Split Lock, No. 6 
Washer, Flat, No. 6 

Washer, Flat, No. 6, Reduced OD 
Washer, Nylon, Flat, No. 6 

Nut, Hex, 6-32 

Screw, Pan Hd, 8-32 x 7/16 
Washer, Split Lock, No. 8 
Washer, Flat, No. 8 

Nut, Hex, 8-32 

Screw, Soc Hd Cap, 10-32 x 1/2 
Screw, Pan Hd, 10-32 x 3/8 
Screw, Pan Hd, 10-32 x 9/16 
Washer, Split Lock, No. 10 
Washer, Flat, No. 10 

Nut, Hex, 10-32 

Screw, Soc Hd Cap, %-20 x 1/2 
Washer, Split Lock, % ID 

Washer, Flat, 4 1D 
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Figure D-4. 100/200 TPI Disc Drive Positioner Assy. 


IPB 100/200 TP! DISC DRIVE POSITIONER ASSEMBLY 


SHEET 1 OF 2 


[ parntNno. ss NO. 
wi DESCRIPTION FIGURE 


Assembly, Optical Detent 
Assembly, Linear Velocity Transducer 
Assembly, Mask 

1 Assembly, Flex Circuit Positioner 

| Assembly, Guide PWB 


COOOnoanhWN— 


— 


COMPONENT PARTS* * * * * * 

Shim, Detent 0.0020 Thick 

Shim, Detent 0.0050 Thick 

Block, Transducer Clamp 

Shim, Transducer, Block Positioner, 0.002 Thick 
Shim, Transducer, Block Positioner, 0.005 Thick 
Switch, Snap Action 

Clamp, Head Positioner 

Clamp, Cable 

Recording Hd, 1500 rpm, Top 

Recording Hd, 1500 rpm, Bottom 

Recording Hd, 2400 rpm, Top 

Recording Hd, 2400 rpm, Bottom 

Recording Hd, 1500 rpm, Top 

Recording Hd, 1500 rpm, Bottom 

Recording Hd, 2400 rpm, Top 

Recording Hd, 2400 rpm, Bottom 
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ATTACHING HARDWARE * * * * * * 
Screw, Pan Hd, 2-56 x 1/2 

Washer, Split Lock, No. 2 

Washer, Flat, No. 2 

Screw, Pan Hd, 4-40 x 1/4 

Screw, Button Hd, 4-40 x 1/2 

Screw, Soc Hd Cap, 4-40 x 1/2 

Screw, Soc Hd Cap, 4-40 x 3/4 

Washer, Split Lock, No. 4 

Washer, Flat, No. 4 
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IPB 100/200 TPI DISC DRIVE POSITIONER ASSEMBLY 


SHEET 2 OF 2 
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SERIES T 
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VIEW ROTATED 180° 


Figure D-5. 100/200 TPI Disc Drive — Bottom View 
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IPB 100/200 TPI DISC DRIVE — BOTTOM VIEW 


[ _partno. | 


FIGURE 


Assembly, Bearing Housing 

Assembly, Spindle Motor Power Switch PWB 
Assembly, Spindle Drive Regulator PWB 
Assembly, Electronic/Interconnect PWB 
Assembly, Commutator PWB 

Assembly, Transducer 

Assembly, Filter 
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COMPONENT PARTS* * * * * * 
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Ring, Blower Inlet 


a! 


impeller 

Cover, Blower 

Pulley, Spindle 

Pulley, Blower, 1500 rpm — Red 
Pulley, Blower, 2400 rpm — Blue 
O-Ring, 1500 rpm 

O-Ring, 2400 rpm 

Holder, Brush 

Brush, Ground 

Gasket, Motor 

Plate, Motor Gasket 

Cam 

Rod, Linkage 

Ring, Gripping 

Crank 

Switch, Snap Action 

Cover, Electronic/Interconnect PWB 
Gasket, Filter 

Cover, Filter, Plate 

Wedge, Filter Clamp, Bottom 
Wedge, Filter Clamp, Top 

Cup, Interrupter 

Holder, Brush 

Brush, Ground 
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IPB 100/200 TP! DISC DRIVE — BOTTOM VIEW 


[ partno. =——is NO. 
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ATTACHING HARDWARE * * * * * * 
Screw, Set, Soc Hd, Brass, 4-40 x 1/8 
Screw, Set, Soc Hd, Cup Pt, 4-40 x 1/8 
Screw, FH, 82°CS, Socket, 4-40 x 1/4 
Screw, Pan Hd, 4-40 x 3/4 
Washer, Split Lock, No. 4 
Washer, Nylon, Flat, No. 4 
Screw, Set, Soc Hd, Cup Pt, 6-32 x 1/8 
Screw, FH, 82°CS, Phillips, 6-32 x 5/16 
Screw, Pan Hd, 6-32 x 3/8 
Screw, Pan Hd, 6-32 x 1/2 
Screw, FH, 82°CS, Phillips, 6-32 x 1/2 
Screw, FH, 82°CS, Phillips, 6-32 x 3-1/4 
Washer, Split Lock, No. 6 
Washer, Flat, No. 6 
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DESCRIPTION 


Nut, Hex, Self-Locking, 6-32 


Screw, FH, 82°CS, Socket, %-20 x 3/4 
Nut, Hex, 4-28 
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SERIES F 


SERIES T 


MON B™ OOWNNMNWNHND 
NO 
NO AON AN OCOOWNNNWNN 


100/200 TPI 


WAN-1161/1-001 


— 


7 
ca) 
\ : 


é. 


Figure D-6. 100/200 TP! Disc Drive Spindle Area — Detailed View 
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IPB 100/200 TP! SPINDLE AREA — DETAILED VIEW 
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DESCRIPTION 


SERIES F 


Assembly, Spindle 

Assembly, Spindle 

Assembly, DC Motor (4 rpm) 
Assembly, DC Motor (1 rpm) 
Assembly, Emergency Retract PWB 
Assembly, Thermistor 


COMPONENT PARTS* * * * * * 
Disc, Magnetic Recording 

Clamp, Disc Plate 

Bearing, Flanged 

Deck, Machined Casting 

Ring, Sector 

Housing, Switch Actuator, 3/8-16 Threads 


Switch, Snap Action 
| Bracket, Switch Mounting 

Plate, Nut 

Pin, Pack Ejector 

Plate, Mounting, Emergency Retract PWB 
Relay 
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ATTACHING HARDWARE * * * * * * 
Screw, Pan Hd, 4-40 x 3/16 

Screw, Pan Hd, 4-40 x 1/4 

Screw, Pan Hd, 4-40 x 3/4 

Washer, Split Lock, No. 4 

Washer, Flat, No. 4 

Washer, Nylon, Flat, No. 4 

Screw, FH, 82°CS, Phillips, 6-32 x 5/16 
Screw, FH, 82°CS, Phillips, 6-32 x 1/2 
Washer, Nylon, Flat, No. 6 x 0.015 Thick 
Nut, Hex, 6-32 

Screw, Soc Hd Cap, %-20 x 1/2 

0} Nut, Hex, 3/8-16 
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IPB 100/200 TP! SPINDLE AREA — DETAILED VIEW 
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SERIES F 
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Figure D-7. 100/200 TPI Disc Drive Operator Control Panel 
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IPB 100/200 TP! OPERATOR CONTROL PANEL (OCP) 


SHEET 1 OF 1 


Assembly, OCP 
Assembly, OCP 
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SERIES F 
SERIES T 


Assembly, Switch/Indicator, READY/LOAD 
Switch, Thumbwheel, BCD 


COMPONENT PARTS* * * * * * * 
Plate, Switch 

Base, Switch 

Bezel, Switch 

Lens, POWER Switch 

Lens, RUN/LOAD Switch 

Lens, PROT/CART Switch 

Lens, PROT/FIXED Switch 
Lamp, Incandescent, 28V 

Lamp, Incandescent, 28V, 40 mA 
Base, Switch 


oqooo°oeo0o°o oo * 


,_= = a St SS =| = © 


'VWESSO OS SS. 


ATTACHING HARDWARE * * * * * * 
Screw, FH, 82°CS, Phillips, 6-32 x 3/8 
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Figure 9-8. 100/200 TPI (F) Fixed Disc Cover 
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IPB 100/200 TP! FRONT LOAD FIXED DISC COVER ASSEMBLY — DETAILED VIEW 
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SHEET 1 OF 


DESCRIPTION FIGURE 


Assembly, Fixed Disc Cover 


Assembly, Receiver 

Assembly, Solenoid Latch 
Assembly, Differentiator PWB 
Assembly, Cable, Differentiator 
Assembly, Brush 


COMPONENT PARTS* * * * * * 
Spring, Side Cartridge, Hold 
Spring, Top Card, Hold 

Pin, Lifter, Rear 

Lever, Lifter, Right Rear 

Lever, Lifter, Left Rear 

Plate, Receiver Guide, Rear 
Guide, Receiver, Rear 

Bracket, Spring Mounting 

Spring, Extension . 

Spring, Extension 

Plate, Receiver Actuator, Right 
Plate, Receiver Actuator, Left. 
Latch, Receiver 

Pin, Pivot Stop 

Ring, Retaining 

Pin, Pivot, Linkage 

Stud, Handle Bar, Right, 10-32 x 1-5/8 in. 
Stud, Handle Bar, Left, 10-32 x 1in. 
Spacer, Handle, Hex, 10-32 x 1in. 
Bushing, Roller 

Pin, Receiver Ejector, 4-40 x 0.17 
Pin, Pivot, Receiver Actuator 
Block, Pivot, Receiver Actuator 
Bar, Handle Spacer 

Cover, Fixed Disc 

Cover, Access 

Clip, Spring 

Spring, Latch, Right 

Spring, Latch, Left 

Bracket, Handle Pivot, Right 
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IPB 100/200 TP! FRONT LOAD FIXED DISC COVER ASSEMBLY — DETAILED VIEW 
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Bracket, Handle Pivot, Left 
Rod, Handle, Spacer 
Adapter, Latch, Right 
Adapter, Latch, Left 
Latch, Right 

Latch, Left 

Spacer 

| Bolt, Spade 

Actuator, Switch 
Ring, Retaining 

| Transducer, Sector, Spec. Proc. 
| Actuator, Air Door 

i Support, Top Cover 
Spacer, Cover 

|Stop, Rear Pack 

i Shaft, Brush 

| Ring, Retaining 

| Pin, Hitch 

| Brush, Disc, Top 

| Brush, Disc, Bottom 

| Bearing, Thrust 
Cover, Brush Access 
Opener, Door 
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Screw, Set, Soc Hd, Cup Pt, 4-40 x 1/8 
Screw, FH, 82°CS, ‘Socket, ‘4-40 x 1/4 
Screw, Pan Hd, 4-40 x 1/4 

Screw, FH, 82°CS, Phillips, 4-40 x 3/8 
Screw, Pan Hd, 4-40 x 1/2 

Screw, Pan Hd, 4-40 x 3/4 

Washer, Split Lock, No. 4 

Washer, Flat, No. 4 

Nut, Hex, 4-40 

Screw, FH, 82°CS, Phillips, 6-32 x 1/4 
Screw, Pan Hd, 6- 32 x 5/16 

Screw, Thread ‘Cutting, 6-20 x 3/8 
Screw, FH, 82°CS, Phillips, 6-32 x 3/8 
Screw, Pan Hd, 6- 32 x 3/8 

0 Washer, Split Lock, No. 6 
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ATTACHING HARDWARE * * * * * * 
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IPB 100/200 TP| FRONT LOAD FIXED DISC COVER ASSEMBLY — DETAILED VIEW 
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DESCRIPTION FIGURE e 


SERIES T 


Washer, Flat, No. 6 D-8 
Washer, Nylon Shoulder, No. 6 
Nut, Hex, 6-32 
Washer, Split Lock, No. 10 
Washer, Flat, No. 10 
Nut, Hex, 10-32 
D-8 
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Figure D-9. 100/200 TPI (F) Door Mechanism and Trim — General View 
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IPB 100/200 TP! FRONT LOAD DOOR MECHANISM AND TRIM — GENERAL VIEW 
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DESCRIPTION 


Assembly, Fixed Disc Cover 
COMPONENT PARTS* * * * * * 
Cover, Top 

Cap, End, Right 

Cap, End, Left 

Bracket, Handle, Side, Right 
Bracket, Handle, Side, Left 

Bezel, Switch 

Panel, Front Trim 

Handle, Front 

Panel, Filler 


ATTACHING HARDWARE * * * * * * 
Screw, FH, 82°CS, Socket, 6-32 x 1/4 (BLK) 
Screw, Thread Cutting, 6-20 x 3/8 

Screw, Pan Hd, 6-32 x 3/8 

Washer, Split Lock, No. 6 

Washer, Flat, No. 6 
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Figure D-10. 100/200 TPI (T) Fixed Disc Cover/Shroud — Detailed View 
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IPB LIST — 100/200 TP! DISC DRIVES — TOP LOAD FIXED 
DISC COVER AND SHROUD AREA — DETAILED VIEW 
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Assembly, Fixed Disc Cover 
Assembly, Shroud (2200 BPI) 
Assembly, Shroud (4400 BPI) 
Assembly, Solenoid 
Assembly, Transducer 
Assembly, Brush 
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SERIES SF 
SERIES ST 


COMPONENT PARTS* * * * * * 
Cover, Brush Access 
Actuator, Switch 
Ring, Retainer 
Block, Transducer Mounting 
Shaft, Brush 
Pin, Hitch 
Bearing, Thrust 
Ring, Retaining 
4 Brush, Disc, Top 
Brush, Disc, Bottom 
Connector, Housing 
Cover, Access 
Clip, Spring 
Diode, 1N4003 
Latch, Solenoid 
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1 ATTACHING HARDWARE * * * * * * 
Screw, Soc FH, 82°CS, 4-40x1/4 
Screw, Soc.Hd Cap, Self Locking, 4-40x7/16 
Screw, Set, Soc Hd, Cup Pt, 6-32x1/8 

3 Screw, Phillips FH, 82°CS, '6-32x3/16 
Screw, Pan Hd, 6- 32x5/16. 

3 Screw, Pan Hd, 6-32x 1/2 
Washer, Split Lock, No. 6 
Washer, Flat, No. 6 
Washer, Flat, No. 6, Reduced OD 
Nut, Hex, 6-32 
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IPB LIST — 100/200 TPI DISC DRIVES — TOP LOAD FIXED 
DISC COVER AND SHROUD AREA — DETAILED VIEW 
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Nut, Speed, U-Type, 6-32 
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Figure D-11. 100/200 TPI (T) Door Mechanism and Trim — General View 
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IPB LIST — 100/200 TP! DISC DRIVES — TOP LOAD DOOR 
AND TRIM ASSEMBLY — DETAILED VIEW 
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DESCRIPTION 


COMPONENT PARTS * * * * * * 
Cover, Top 

Plate, Adapter 

Bracket, Guide, Right 
Bracket, Guide, Left 

Pin, Door Latch 

Bushing 

Cap, End, Right 

Cap, End, Left 

1| Bracket, Side, Pivot, Right 
A Bracket, Side, Pivot, Left 
| Bezel, Switch 

G@ Panel, Front Trim 

1 

1 


= ~~ 3 x 


Handle, Front 

Rod, Handle, Spacer 

Panel, Filler 
| Bracket, End Cap Mounting 
1) Spacer 
Bracket, Handle, Pivot, Right 
4 Bracket, Handle, Pivot, Left 
Spring, Latch, Right 
A Spring, Latch, Left 
Adapter, Latch, Right 
4 Adapter, Latch, Left 
4 Latch, Right 
4 Latch, Left 
| Actuator, Door 
| Bushing, Actuator 
Spring, Compression 
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8 Screw, Phillips FH, 82°CS’ 4-40x 1/2 
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Q Washer, Split Lock, No. 4 
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IPB LIST — 100/200 TPI DISC DRIVES — TOP LOAD DOOR 
AND TRIM ASSEMBLY — DETAILED VIEW 
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DESCRIPTION FIGURE 


SERIES SF 


Nut, Hex, 4-40 
Screw, Soc FH, 82°CS, 6-32x1/4 (BLACK) 
Screw, Pan Hd, 6-32x3/8 
Screw, Phillips FH, 83°CS, 6-32x3/8 
Screw, Thread Cutting, 6-20x3/8 
Screw, Pan Hd, 6-32x1/2 

4 Screw, Pan Hd, 6-32x2 
Washer, Split Lock, No. 6 
Washer, Flat, No. 6 
Washer, Nylon Shoulder, No. 6 
Nut, Hex, 6-32 
Nut, Hex, Self Locking, 6-32 
Washer, Nylon, No. 6 
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WANGCO ~ 


INCORPORATED 


DISC DRIVE 
SPECIAL SERVICE 
AIDS 


PWB EXTENDER BOARD 

Used to extend the DIB, CIB, DCB, SLB, and 
SVA_ printed wiring boards (location J1 
through J5) for troubleshooting purposes. An 
extender cable for the SVA board may be 


necessary. 
WANGCO P/N 300034-001 


NEEDED Fon Suren Senies 


SVA PWB EXTENDER CABLE 

Usually needed to connect P15 to J15 for 
operation when the SVA printed wiring 
board (SVA-J5) is mounted on an extender 


card. 
WANGCO P/N 300789-001 


PRB PWB EXTENDER BOARD 

Used to extend the Power Regulator Board 
(J6) for troubleshooting purposes. This 
extender board is not used on Series SF 
or ST. 

WANGCO P/N 300403-001 


WANGCO TECHNICAL EDUCATION 


Dise Drive — Special Tools 


2 Disc Drive — Special Tools 


DEB PWB EXTENDER BOARD 

Used to extend the Data Electronics Board 

(J7) for troubleshooting purposes. A head 

extender cable is also necessary to read or 

write. 

WANGCO P/N: Series F or T 300145-001 
Series SF or ST 301705-001 
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HEAD EXTENDER CABLE 

Needed to connect the DEB to the PWB 
extender to be able to write or read when 
the Data Electronics Board (DEB-J7) is 
mounted on an extender card. Also necessary 
when the Write current is to be checked/ 
adjusted. 

WANGCO P/N 101183-001 


CURRENT PROBE 

Used to perform the Write current check/ 
adjustment. To use the current probe, a 
DEB PWB Extender Board, a head extender 
cable, a cartridge, and the ability to write 
to the cartridge are necessary. 

Tektronix Model P6021 (or equivalent) 


WANGCO TECHNICAL EDUCATION 


3 Dise Drive — Special Tools 


R/W HEAD TORQUE WRENCH 

The torque wrench is necessary to insure 
that only 6 inch-pounds of torque is applied 
to the two screws on each head clamp. Over 
or under tightening can contribute to Read/ 
Write problems. 

WANGCO P/N T00425 


SPINDLE PHASING HARNESS 

The spindle phasing harness is only used on 
brushless spindle motors to insure that the 
“interrupter cup is correctly adjusted in 
phase with the spindle shaft and the LED’s 
on the Commutator PWB. This tool is nec- 
essary whenever the interrupter cup on the 
bottom of the spindle motor is removed and 
replaced or if the commutator PWB is re- 
placed. This harness supplied with all _re- 
placement Commutator PWB’s (ref. Com- 
“mutator PWB Replacement Kit 301004-001). 
WANGCO P/N 301396 


CABLE EXTRACTOR 

Used to remove the 3M ribbon connector on 
the DIB and the !/O PWB on the F and T 
Series and the DIB and Electronic Inter- 
connect Board on the SF and ST Series. 
Proper use of the cable extractor insures 
that the cable connectors will not be damaged. 
3M, Inc. P/N 3438 

WANGCO P/N 108200 
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CARTRIDGE FRONT LOAD 

This blank cartridge of the IBM 2315-type 
can be used on either Series F or SF, 2200 
BPI only. The customer specifies the number 
of sectors in the part number (XX). 
WANGCO P/N 100442-0XX 


CARTRIDGE, TOP LOAD 

This blank cartridge of the IBM 5440-type 
can be used on either Series T or ST, 2200 
BP! only. It comes with .080-inch sector 
slots and the customer specifies the number 
of sectors in the part number (XX). 
WANGCO P/N 100443-0XX (2200 BPI) 
WANGCO P/N 100444-0XX (4400 BPI!) 


ALIGNMENT CARTRIDGE 

The alignment cartridge contains pre-recorded 
data which is necessary to perform the read/ 
write head alignment and index alignment. 
The field engineer must also be able to access 
to a specific alignment track recorded on the 
alignment cartridge and to select a particular 
read/write head. 

WANGCO P/N Alignment Cartridge 


Tri-Bit Type, 2200 BPI 
Series F andSF — 301488-001 
Series T and ST — 301488-002 


CAT-EYE Type, 2200 BPI 
(Customer request only) 
Series F andSF — 300805-001 
Series T and ST — 300807-001 
SA A ASN he a EN LET ERIE, 
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FIELD EXERCISER BOARD 

An economical off-line test device that allows 
the field engineer to perform one-track and 
multi-track seeks, alternate-from-zero seeks, 
and R/W head selection. The exerciser board 
can be used, within limitations, for off-line 
trouble diagnosis of the positioning servo 
electronics and for all alignment and cali- 
bration procedures except for write current 
adjustment and the data separator check. 
WANGCO P/N: Series F and T 300382 


FRONT LOAD TEST HUB 

A service aid to be used by qualified field 
engineers for adjustment/troubleshooting pro- 
cedures. May be used on Series F and SF. 
(XX = number of sectors). 

WANGCO P/N 101179-OXX 


TOP LOAD TEST HUB 

A service aid to be used by qualified field 
engineers for adjustment/troubleshooting pro- 
cedures. May be used on Series T and ST. 
(XX = number of sectors). 

WANGCO P/N 101180-0XX 
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